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1.  Introduction 


The  Air  Force  Institute  of  Technology  (AFIT)  has  been  conducting  advanced  research  for  the  Air 
Force  and  other  DoD  agencies  since  World  War  I.  The  AFIT  organizations  primarily  responsible 
for  conducting  this  research  are  its  two  graduate  schools,  the  School  of  Engineering  (EN)  and  the 
School  of  Logistics  and  Acquisition  Research  (LA).  Although  AFIT’s  primary  product  has 
always  been  the  students  who  have  graduated  from  AFIT  programs,  these  students  have 
conducted  valuable  research  in  scientific,  technical,  and  managerial  areas  in  the  process  of 
completing  their  program  requirements.  This  research  has  been  conducted  under  the  supervision 
and  with  the  assistance  of  AFIT  faculty  and  research  partners. 

Many  times  in  recent  years  attempts  have  been  made  to  determine  the  value  of  AFIT  research  in 
an  effort  to  place  an  exact  dollar  value  on  AFIT  research.  Unfortunately,  there  is  no  precise, 
reliable  metric  that  can  convert  research  work  hours  or  research  results  directly  into  dollar 
values.  However,  the  lack  of  a  precise,  reliable  metric  does  not  mean  that  some  approximate 
assessment  of  AFIT  research  value  cannot  be  made.  In  fact,  AFIT  has  been  gathering  data 
pertaining  to  research  value  since  1979.  This  report  describes  the  AFIT  assessment  of  research 
efforts  since  1990. 

2.  Background 

Assessment  of  AFIT  research  is  an  ongoing  concern.  The  basic  AFIT  research  assessment 
instrument  is  a  research  assessment  form  (Fig.  7)  attached  to  every  AFIT  master’s  thesis  or 
doctoral  dissertation.  Most  AFIT  research  is  sponsored  by  an  Air  Force  or  DoD  agency;  the 
average  sponsorship  rate  since  1990  has  been  75%.  Sponsors  of  AFIT  research  receive  copies  of 
theses  and  dissertations  and  are  asked  to  provide  their  estimates  of  the  value  of  AFIT  research 
both  in  quantitative  and  qualitative  form. 

Sponsors  are  asked  to  provide  quantitative  data  by  estimating  the  value  in  terms  of  dollar 
amounts  and  man-hours  of  work  they  believe  the  research  represents.  Sponsors  provide 
qualitative  data  in  the  form  of  written  comments  describing  their  perception  of  the  significance 
and  impact  of  the  research.  Sponsors  have  not  always  returned  the  assessment  forms,  nor  in 
some  cases  have  they  completed  all  portions  when  they  have  returned  them.  But  a  significant 
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percentage  has  been  returned  (67%  for  EN;  50%  for  LA)  that  provide  support  for  the  discussion 
of  AFIT  research  data  that  follows. 

3.  AFIT  History 

While  the  quantitative  assessment  of  AFIT  research  is  a  recent  practice,  AFIT’ s  contribution  to 
the  Air  Force  through  research  is  long  established.  AFIT  traces  its  roots  to  the  early  days  of 
powered  flight  when  it  was  apparent  that  the  progress  of  military  aviation  depended  upon  special 
education  in  this  new  science.  In  1919,  the  Air  School  of  Application  was  established  at  McCook 
Field  in  Dayton,  Ohio,  the  home  of  Orville  and  Wilbur  Wright. 

When  Congress  authorized  creation  of  the  Air  Corps  in  1926,  the  school  was  renamed  the  Air 
Corps  Engineering  School  and  moved  to  Wright  Field  in  1927.  Shortly  after  the  American  entry 
into  WWn,  the  school  suspended  classes,  but  it  reopened  as  the  Army  Air  Forces  Engineering 
School  in  1944  to  conduct  a  series  of  accelerated  courses  to  meet  emergency  requirements. 

After  World  War  II,  1946,  the  Army  Air  Force  Institute  of  Technology  was  established.  The 
Institute  was  composed  of  two  colleges:  Engineering  and  Maintenance,  and  Logistics  and 
Procurement.  These  colleges  were  later  re-designated  the  College  of  Engineering  Sciences  and 
the  College  of  Industrial  Administration.  When  the  Air  Force  became  a  separate  service  in  1947, 
the  Institute  was  renamed  the  Air  Force  Institute  of  Technology.  That  same  year  the  School  of 
Civil  Engineering  Special  Staff  Officers  Course  began. 

The  Institute  established  a  logistics  education  program  at  WPAFB  in  1955,  and  The  Ohio  State 
University  conducted  the  first  courses  on  a  contract  basis.  In  1958,  AFIT  began  a  series  of  short 
courses  in  logistics  as  part  of  the  Air  Force  Logistics  Command  (AFLC)  Education  Center.  Later 
that  year,  the  School  of  Logistics  became  a  permanent  part  of  AFIT. 

In  1954,  the  83d  Congress  authorized  the  Commander,  Air  University,  to  confer  degrees  upon 
graduates  of  the  AFIT  Resident  College.  The  college  was  later  divided  into  the  School  of 
Engineering,  the  School  of  Logistics,  and  the  School  of  Business.  The  first  undergraduate 
engineering  degrees  were  granted  in  1956,  and  the  first  graduate  degrees  in  business  in  1958.  The 
School  of  Business  programs  were  transferred  to  civilian  universities  in  1960.  In  1963,  the 
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School  of  Logistics  was  re-designated  the  School  of  Systems  and  Logistics.  The  Civil 
Engineering  Center  was  also  re-designed  as  the  Civil  Engineering  School. 

In  1 992  the  continuing  education  and  degree  functions  of  the  School  of  Systems  and  Logistics 
were  split.  The  continuing  education  curricula  retained  the  name.  School  of  Systems  and 
Logistics,  and  the  degree  curricula  were  moved  to  a  new  School  of  Logistics  and  Acquisition 
Management.  With  this  change  AFIT  consisted  of  four  schools,  two  devoted  to  professional 
continuing  education  in  logistics,  acquisition,  and  civil  engineering,  and  two  devoted  to  graduate 
degree  programs.  That  structure  remains  intact  today. 

This  report  on  research  cost  and  benefit  applies  only  to  the  two  graduate  degree  schools, 
Engineering  (EN)  and  Logistics  and  Acquisition  Management  (LA).  Most  EN  master’s  degrees 
are  18  months  in  length,  and  most  LA  master’  degree  programs  are  15  months  in  length.  A 
formal  thesis  reflecting  sound  research  is  a  requirement  for  graduation.  EN  also  offers  a  Ph.D. 
degree,  typically  three  years  in  length  which  requires  a  dissertation. 

In  1995  The  Graduate  School  of  Engineering  was  a  founding  partner  in  the  creation  of  the 
Dayton  Area  Graduate  Studies  Institute  (DAGSI).  The  other  two  partners  were  the  graduate 
engineering  schools  of  Wright  State  University  and  the  University  of  Dayton.  AFIT’s 
involvement  permits  part  time  and  full  time  enrollment  in  ART  courses  by  base  military  and 
civilian  personnel  as  well  as  local  contractor  personnel  involved  in  defense  support.  It  also 
permits  all  AFIT  students  to  enroll  in  courses  offered  by  the  other  partners,  as  well  as  partner 
school  enrollment  in  AFIT  courses.  AFIT  receives  tuition  for  all  DAGSI  enrollments.  The 
partnership  also  encourages  joint  faculty  research  projects. 

4.  Current  Demographics 

AFIT  students  consist  primarily  of  junior  Air  Force  officers  with  backgrounds  in  engineering, 
applied  science,  logistics  and  acquisition.  A  small  percentage  of  students  come  from  other 
services,  international  military  services  and  civilians  working  for  the  government.  The  September 
1996  enrollment  in  EN  was  462  full  time  equivalent  (FIE)  graduate  students  of  which  30  FTEs 
represented  DAGSI  enrollments.  Other  than  DAGSI  students,  there  were  no  other  part-time 
students.  The  September  1996  enrollment  in  LA  was  approximately  120  (all  full  time). 
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The  number  of  EN  faculty  on  2  April  1997  was  97.  This  number  included  47  military  professors 
and  50  civilian  professors.  Their  academic  rank  distribution  is  shown  in  Figure  1.  Academic 
rank  corresponds  roughly  (but  not  exactly)  with  professorial  experience.  The  number  of  LA 
faculty  on  1  October  1996  was  35  which  included  19  civilian  professors  and  16  military 
professors. 

The  number  of  EN  MS  graduates  during  FY  96  was  175.  The  number  of  LA  MS  graduates 
during  FY  96  was  65.  The  number  of  EN  Ph.D.  graduates  during  FY  96  was  29.  Figure  2 
shows  the  number  of  graduates  for  the  last  10  years.  All  graduating  MS  students  complete  a 
thesis.  The  thesis  effort  is  judged  to  be  6  man-months  for  EN  and  4  man-months  for  LA.  All 
graduating  Ph.D.  students  complete  a  dissertation.  The  dissertation  effort  is  judged  to  be  two 
man-years. 

All  faculty  are  expected  to  carry  out  research.  In  EN,  the  time  allotted  for  research  is  50%.  In 
LA,  it  is  33%.  All  of  the  LA  and  all  of  the  EN  faculty  except  for  five  are  employed  on  a  12 
month  basis.  Faculty  on  a  12  month  agreement  are  given  one  academic  quarter  per  year  free  of 
teaching  duties  for  research.  In  EN,  faculty  are  expected  to  spend  about  1/3  of  their  time  on 
research  during  the  three  teaching  quarters  (1/3  of  3/4  plus  the  research  quarter  =  50%).  LA 
faculty  are  expected  to  spend  such  time  on  research  during  the  three  teaching  quarters  to  achieve 
33%  research  time  for  the  year.  Research  time  includes  the  supervision  of  MS  and  Ph.D.  student 
research.  The  five  EN  faculty  not  on  a  12  month  contract  are  employed  on  a  10  month  contract. 

'  They  are  still  expected  to  devote  50%  of  their  time  to  research  during  the  year,  except  that  two 
months  (salary)  must  be  funded  by  research  grants  and  contracts.  Current  plans  are  to  hire  all 
future  EN  civilian  faculty  on  the  10  month  basis. 

5.  Research  Output  Metrics 

There  are  three  principal  categories  of  research  productivity  in  a  university:  faculty  and  student 
publications,  theses  and  dissertations,  and  research  funding  awarded  competitively.  One  hundred 
and  nine  peer  reviewed  journal  articles  were  published  by  EN  faculty  and  students  during  FY  96. 
Other  publications  (conference  papers,  invited  articles,  book  chapters)  numbered  162.  The 
corresponding  numbers  for  LA  faculty  and  students  were  18  reviewed  papers  and  38  others. 
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Historical  data  on  number  of  articles  published  are  shown  in  Figure  3.  The  number  of  MS  Theses 
for  FY  96  was  175  for  EN  and  65  for  LA.  Historic  numbers  for  Theses  will  match  the  number  of 
graduates  in  Figure  2.  The  number  of  Ph.D.  (EN  only)  dissertations  was  29  for  FY  96.  Again, 
historic  numbers  will  match  the  number  of  graduates  in  Figure  2. 

Funded  research  dollars  are  included  here  as  an  output  metric  because  a  faculty’s  ability  to 
attract  outside  research  funds  is  a  measure  of  research  value  and  output.  Outside  funding  in  the 
form  of  funds  transfer,  grants,  and  contracts  amounted  to  $3.4M  in  FY  97.  Historic  outside 
funding  is  shown  in  Figure  4.  For  the  majority  of  AFIT  faculty,  outside  funding  cannot  be 
applied  to  salaries.  (The  five  10-month  contract  faculty  are  the  exception.)  Outside  research 
funds  at  AFIT  are  used  for  equipment,  supplies,  contract  services,  travel  and  indirect  costs  of 
research.  AFIT  has  an  indirect  rate  for  research  funds  computed  on  the  basis  of  the  Office  of 
Management  and  Budget  circular  A-2 1 .  Since  faculty  salaries  are  the  larger  part  of  grants  to 
civilian  universities,  and  since  AFIT  cannot  include  salaries  in  research  proposals,  the  AFIT 
figure  of  $3.4M  corresponds  to  more  than  that  when  compared  to  the  community  of  civilian 
universities. 

6.  Comments  On  The  Use  Of  MS  Theses  as  a  Research  Output  Measure 

The  US  Air  Force  has  long  regarded  the  master’s  degree  as  the  terminal  degree  for  Air  Force 
officers.  While  a  few  officers  are  selected  for  Ph.D.  programs,  the  majority  will  stop  at  the  MS 
degree.  One  of  the  primary  reasons  for  this  policy  is  that  Ph.D.  education  consumes  too  many 
years  out  of  a  typical  20-year  officer  career,  supposedly  limiting  “pay-back”  to  the  Air  Force. 
Further,  the  specialization  inherent  in  a  post-Ph.D.  career  is  considered  by  many  to  be  too 
specialized  to  be  compatible  with  the  “generalist”  career  pattern  expected  of  officers,  especially 
at  the  higher  ranks. 

As  a  consequence  of  treating  the  MS  program  as  terminal  education,  the  AFIT  MS  degree 
program  has  always  been  a  strong  program,  typically  six  academic  quarters  in  length  in  EN  and 
five  academic  quarters  in  length  in  LA  with  an  intensive  research  problem,  carried  out  with 
active  faculty  mentoring,  often  in  a  team  situation  with  the  faculty,  Ph.D.  students  and  post¬ 
doctoral  fellows.  At  some  other  schools,  the  MS  thesis,  if  there  is  one,  is  a  report  which  is 
graded  as  pass/fail  by  the  faculty  and  the  execution  of  the  research  behind  that  report  involves 
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minimal  faculty  interaction.  The  faculty  at  those  schools  spend  their  time  with  the  Ph.D. 
students  because  that  is  the  most  productive  route  to  research  accomplishment.  That  has  never 
been  the  culture  at  AFIT.  The  MS  students  at  AFIT  are  often  the  hands  and  arms  of  the  faculty 
making  them  an  extension  of  the  faculty.  Significant  research  at  AFIT  is  accomplished  with  the 
direct  involvement  of  MS  students. 

Testimony  to  the  importance  of  the  AFIT  MS  thesis  as  a  research  output  measure  is  given  by  the 
research  sponsors’  comments  in  the  Appendices  and  by  their  assignment  of  dollar  value  to  the 
thesis  as  summarized  in  Figures  8,9,  and  10. 

7.  Research  Expenditures 

Research  in  a  graduate  school  serves  two  purposes;  it  contributes  in  a  major  way  to  student 
learning,  and  it  produces  useful  results  and  new  knowledge  that  have  a  value  in  their  own  right. 
At  AFIT  both  purposes  are  important.  For  this  reason,  AFIT  student  salaries  are  assigned  to  the 
learning  function.  That,  is  student  salaries  are  considered  to  be  part  of  the  cost  of  sending  an  Air 
Force  student  to  graduate  school  for  18  months  (MS)  or  3  years  (Ph.D.)  Similarly,  faculty 
salaries  during  the  three  teaching  quarters  (but  not  the  research  quarter)  are  assigned  to  the 
teaching  function. 

Research  expenditures  then  consist  of: 

1 .  Faculty  salaries  during  the  non-teaching  (research)  quarter,  excluding  academic 
administrators  and  ten-month-contract  faculty. 

2.  Indirect  charges  at  the  OMB  A-21  rate  for  research  at  AFIT  applied  to  the  above 
salaries.  This  covers  the  time  by  staff,  administrators,  and  support  personnel  spent  in  supporting 
the  faculty  and  students  in  the  research  function. 

3.  Capital  expenditures  for  equipment  purchased  out  of  AFIT  funds  for  research 
purposes. 

4.  All  outside  sponsor  money  (fund  transfers,  grants  and  contracts)  directed  to  specific 
research  projects. 
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The  above  four  costs  have  been  used  by  AFIT  (EN  only)  to  report  to  the  National  Science 
Foundation’s  annual  Survey  of  Research  and  Development  Expenditures  at  Universities  and 
Colleges.  The  totals  reported  for  the  past  three  years  have  been: 


AFIT  EN  Research  Expenditures:  Minimum  calculation 


AFIT  funds 
(l.)+(2.)+(3.) 

Sponsor  funds 
(4.) 

Total 

*  average 
enrollment 

*  research  $ 
per  student  yr. 

FY  94 

$4,630,000 

$2,426,000 

$7,056,000 

416 

$16,962 

FY  95 

$3,731,000 

$2,229,000 

$5,960,000 

364 

$16,374 

FY  96 

$3,586,000 

$2,291,000 

$5,877,000 

330 

$17,809 

*  not  included  in  the  NSF  annual  submission 


An  excursion  on  the  above  research  costs  would  be  to  allocate  50%  of  faculty  salaries  and  salary 
indirect  to  research  costs  rather  than  25%.  That  would  include  the  non-teaching  quarter  as  well 
as  one  third  of  the  EN  faculty  time  spent  on  research  during  the  three  teaching  quarters.  This 
would  parallel  practice  in  those  civilian  universities  where  faculty  are  permitted  to  charge  salary 
time  to  outside  grants  and  contracts  during  the  academic  year,  as  well  as  during  the  summer  term. 
Using  50%  of  AFIT  faculty  salaries  results  in: 


AFIT  EN  Research  Expenditures:  Maximum  calculation 


AFIT  funds 
2x(l.)+2x(2.) 

+(3.) 

Sponsor  funds 
(4.) 

Total 

average 

enrollment 

research  $ 
per  student  yr. 

FY  94 

$7,939,000 

$2,426,000 

416 

FY  95 

$7,044,000 

$2,229,000 

$9,273,000 

364 

FY  96 

$6,948,000 

$2,291,000 

$9,239,000 

330 

$27,997 

Benchmarks  for  these  AFIT/EN  research  expenditures  per  student  year  can  be  found  in  both  the 
American  Society  for  Engineering  Education’s  (ASEE)  Annual  Directory  of  Engineering 
Graduate  Studies  and  Research  11994-95  edition)  and  from  US  News  and  World  Report, 
“America’s  Best  Graduate  Schools,”  1996  edition.  The  ASEE  Graduate  Studies  and  Research 
report  lists  “Inside  the  College  of  Engineering”  expenditures  and  the  total  graduate  student 
enrollment  for  353  engineering  schools  is  shown  below.  The  classification  “Inside  the  College 
of  Engineering”  excludes  expenditures  made  in  other  colleges  in  the  university  and  excludes 
expenditures  in  separately  funded,  but  attached  university  research  institutes. 
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Total  “Inside  college”  $ 

Total  Grad.  Enrollment 

Research  $/Student  yr. 

$2,162,574,000 

121,219 

$17,840 

When  all  funds  are  considered,  the  ASEE  report  yields  the  following  average: 


Total  Research  $ 

Total  Grad.  Enrollment 

Research  $/Student  yr. 

$4,711,217,000 

121,219 

$38,865 

The  US  News  and  World  Report  description  of  the  top  50  engineering  graduate  schools  lists 
only  the  total  research  expenditures  (inside  the  colleges  of  engineering,  in  other  colleges  and  in 
attached  research  institutes)  as: 


Total  Eng.  Research  $ 

Total  Grad.  Enrollment 

Research  $/Student  yr. 

$3,989,500,000 

53,700 

$74,292 

The  US  News  and  World  Report  data  is  for  the  1995  academic  year  as  reported  in  1996.  The 
sources  of  funds  contributing  to  the  total  expenditures  reported  in  all  three  of  the  above  tables 
were  both  internal  and  external  to  the  universities. 

8.  Research  Benefits 

AFIT  policy  is  to  obtain  sponsorship  of  all  theses  and  dissertations.  The  actual  sponsorship  rate 
for  the  last  seven  years  is  approximately  75%  (Figure  5).  Sponsorship  means  that  the  problem 
was  either  suggested  by  or  endorsed  by  someone  in  the  Air  Force  or  in  DoD.  More  rarely,  the 
topic  was  suggested  by  or  endorsed  by  someone  in  other  federal  agencies  or  from  the  private 
sector,  the  latter  through  Cooperative  Research  and  Development  Agreements  (CRD As)  under 
the  Technology  Transfer  laws.  The  fraction  of  sponsorship  by  these  groups  is  shown  in  Figure  6 
for  the  last  two  years. 

Because  of  this  emphasis  on  thesis/dissertation  sponsorship,  metrics  involving  theses  and 
dissertations  may  be  a  better  measure  of  research  benefit  to  the  Air  Force  than  archival  journal 
article  publication.  The  former,  especially  theses,  tend  to  focus  on  problems  of  immediate  Air 


8 


Force  interest,  while  archival  journal  articles  tend  to  focus  on  the  theory  and  method  developed 
for  the  solution  of  those  problems. 

The  primary  tool  for  the  measure  of  sponsor  benefit  has  been  the  Research  Assessment  form 
which  is  sent  to  all  sponsors  along  with  a  copy  of  the  competed  thesis  or  dissertation  (Figure  7). 
AFIT  has  collected  and  analyzed  the  responses  received  from  sponsors  using  this  form  for  the 
last  eight  years.  As  can  be  seen  from  a  selection  of  the  returned  assessment  forms  in  the 
Appendices,  most  of  these  theses  and  dissertations  involved  active  faculty  participation  as  well 
as  student  effort.  In  fact  33%  if  the  responses  for  FY  97  which  included  remarks  specifically 
mentioned  the  efforts  of  one  or  more  faculty  members  in  addition  to  those  of  the  student  author. 
Typical  comments  included: 

a.  “Excellent  support  from  the  graduate  student  and  each  member  (Dr.  Mykytka,  Major 
Murdock,  Major  Pohl)  of  committee.” 

b.  “Student/faculty  did  a  great  job” 

c.  “  great  program,  largely  due  to  the  efforts  of  Don  Thompson  [student]  and  Paul  King 
[faculty].” 

d.  “hope  to  continue  this  work  as  Capt  Whiteley  [student]  and  Maj  Roggemann  [faculty] 
continue  to  investigate  multispectral  target  detection” 

e.  “  I  enjoyed  my  interaction/collaboration  with  AFIT  faculty  and  students” 

f.  “  Maj  Griggs  and  the  faculty  of  the  ENS  Dept  were  very  helpful” 

All  sponsors  of  AFIT  theses  and  dissertations  are  rewarded  with  a  faculty-student  team  effort. 
This  is  why  data  on  theses  and  dissertations  are  presented  here  as  a  primary  measure  of  AFIT 
research  benefit  to  the  Air  Force.  The  collected  research  assessment  forms  yield  both  a 
quantitative  and  a  qualitative  measure  of  research  benefit.  The  quantitative  measure  is  the 
sponsor’s  estimate  of  the  cost  to  perform  the  work  either  by  contract  or  by  using  in-house  labor. 
The  qualitative  assessment  lies  in  the  collected  comments  or  remarks  that  the  sponsors  make  on 
the  assessment  forms. 
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9.  Quantitative  Research  Benefits 


During  the  years  1990-1997,  there  were  a  total  of  1,783  graduates.  Of  these  1,336  had  sponsors 
(75%).  As  it  can  be  seen  from  Figure  5,  the  percentage  sponsored  was  higher  in  the  later  years 
than  in  the  earlier  years  of  the  time  period  covered.  Of  the  EN  sponsored  theses  and 
dissertations,  897  research  assessment  forms  were  returned  (67%).  During  these  same  years  the 
School  of  Logistics  and  Acquisition  Management  had  a  total  of  679  graduates.  The  total  number 
of  forms  returned  was  341  for  an  LA  return  rate  of  50%.  Figures  8  and  9  show  the  distribution  of 
responses  to  the  question  “If  AFIT  had  not  done  this  work,  please  estimate  what  would  it  have 
cost  your  organization  to  do  it?”  for  EN  theses  and  for  dissertations  respectively.  (Distribution  of 
responses  is  not  available  for  LA  theses.)  The  data  cover  all  responses  received  from  mid  1990 
through  the  end  of  FY  1997.  As  can  be  seen  from  the  figures,  the  sponsor’s  estimate  of  the 
average  cost  to  duplicate  an  EN  MS  thesis  was  $102,500,  and  the  average  cost  per  dissertation 
was  $181,000.  The  seven  year  estimate  of  the  average  cost  to  duplicate  an  LA  theses  was 
$91,270.  The  combined  average  for  MS  thesis  for  the  two  schools  was  $99,182.  These  responses 
and  their  average  values  are  estimates  or  judgments  by  the  sponsors.  They  do  not  represent  out- 
of-pocket  expenditures  by  the  sponsors. 

Figure  10  shows  the  year-by-year  average  value  of  the  answer  to  the  question  “If  AFIT  had  not 
done  this  work,  please  estimate  what  would  it  have  cost  your  organization  to  do  it?”  The  data  in 
this  figure  is  for  both  EN  and  LA  (but  excludes  EN  dissertations). 

Question  two  on  the  Research  Assessment  form  is:  “Would  you  have  completed  this  work  if 
AFIT  had  not  done  it?”  Typically,  the  positive  responses  were  over  90%  during  the  first  years  of 
this  sample  (1990-1992),  but  then  positive  responses  began  declining  in  the  subsequent  years. 
Incomplete  1997  returns  show  only  a  56%  positive  response.  At  the  same  time,  the  responders 
have  been  spontaneously  offering  comments  (under  this  question)  such  as  “Funds  have  been 
too  tight  for  us  to  contract  for  this  work,  and  our  personnel  have  been  too  heavily  loaded  for  us 
to  complete  the  work  in-house.  ”  Before  1995,  AFIT  reported  average  cost  values  in  the  annual 
research  report  by  counting  only  those  dollar  responses  which  had  a  “yes”  answer  to  the  question 
“Would  you  have  completed  this  work  if  AFIT  had  not  done  it?”  As  comments  such  as  the  one 
above  became  numerous,  it  was  obvious  that  this  question  invited  misleading  answers.  The  data 
presented  here  in  Figures  8,  9  and  10  include  all  dollar  responses,  regardless  of  the  answer  to 
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question,  “would  you  have  done  the  work?”  Because  of  this  re-interpretation,  the  values 
presented  here  do  not  exactly  agree  with  those  published  in  the  annual  AFIT  research  reports. 

Data  concerning  the  answers  to  question  how  would  you  rate  this  work”  are  given  in  Figure 
11.  The  responses  are  dominated  by  “highly  significant”  and  “significant.”  In  rare  cases,  the 
significance  answer  does  not  correlate  well  with  the  dollar  value.  For  instance,  “highly 
significant”  was  coupled  with  a  cost  estimate  of  $5000  or  “slightly  significant”  was 
accompanied  by  a  cost  estimate  of  $300,000) .  The  practice  has  been  to  enter  zero  for  the  cost  if 
the  responder  says  the  work  had  no  significance,  even  if  the  responder  gave  a  non-zero  cost. 

10.  Qualitative  Research  Benefits 

The  sponsors’  qualitative  judgments  about  the  benefit  of  AFIT  research  are  illustrated  by  the 
collected  comments  in  the  Appendices.  These  comments  were  taken  from  the  Research 
Assessment  forms  (Figure  7)  after  those  forms  were  returned  by  the  sponsors.  The  individual 
comments  were  then  pasted  onto  the  report  documentation  page  (Standard  Form  298)  of  the 
corresponding  thesis  or  dissertation.  The  original  assessment  forms  are  on  file  in  the  research 
offices  of  the  two  graduate  schools.  The  full  text  of  the  theses  and  dissertations  can  be  examined 
in  the  AFIT  library  or  obtained  from  the  Defense  Technical  Information  Center,  8725  John  J. 
Kingman  Rd.,  Ft  Belvoir  VA  22060. 

Although  they  are  difficult  to  summarize,  these  comments,  taken  as  a  whole,  may  represent  a 
better  description  of  AFIT  research  benefits  than  the  quantitative  numbers  presented  above. 

The  Appendices  are  ordered  by  type  of  sponsor: 

A.  Air  Force  R&D, 

B.  Operational  Air  Force, 

C.  Other  DoD, 

D.  Other  federal  agencies  and 

E.  Private  sector  (Industry) 

Within  each  appendix,  the  comments  are  organized  chronologically  (1991  comments  first,  1997 
comments  last). 
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Figure  1 

Graduate  School  of  Engineering 
Faculty  Ranks 
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Figure  3 

Faculty  and  Student  Publications 


Figure  4 

External  Research  Funding 

Millions  of  $ 


15 


16 


18 


To: 


Figure  7 

AFIT  RESEARCH  ASSESSMENT 


Thank  you  for.sponsoring  the  AFIT  thesis  or  dissertation  listed  below.  AFIT  is  working  hard  to 
keep  its  research  focused  on  defense  technologies  of  interest  to  the  Air  Force  and  to  the  nation. 

Title: 

Student  Author: 

Designator: 

Faculty  Chairman: 

Please  help  us  determine  the  value  and  contribution  of  this  research  to  you  by  answering  the 
questions  below: 

1 .  Did  this  research  contribute  to  a  current  task  or  goal  of  interest  to  your  organization?  Y  /  N 

2.  Would  you  have  completed  this  work  if  AFIT  had  not  done  it?  Y  /  N 

3.  Regardless  of  your  answers  above,  how  would  you  rate  this  work?  Highly  significant 

Significant 
Slightly  significant 
No  significance 

4.  If  AFIT  had  not  done  this  work,  please  estimate  what  it  would  have  cost  your  organization  to 

perform  it,  either  by  using  in-house  resources  or  by  contract  $ - 

5.  Would  you  like  to  make  any  remarks?  (These  will  be  shared  with  the  academic  department 
and  the  faculty  chairperson.) 

You  may  mail  this  to  AFTTVENR,  2950  P  Street,  Wright-Patterson  AFB  OH  45433-7765  or  fax  it 
to  937-656-7302  (DSN  786-7302)  or  just  e-mail  your  answers  (only)  to  1  to  5  to  enr@afitaf.mil. 
If  you  use  e-mail,  please  include  the  designator  above  so  that  we  might  identify  the  project. 
Thank  you. 


Name  of  Evaluator  Office  Symbol 


Grade/Rank  of  Evaluator 
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Figure  8 

Distribution  of  Sponsors’  Estimates  of 
Contract  Cost  for  AFIT/EN  Theses, 1990-97 


#  of  responses 


Figure  9 

Distribution  of  Sponsors’  Estimates  of 
Contract  Cost  for  Dissertations,  1990-97 


#  of  responses 
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Figure  10 

Sponsors’  Estimate  of  Contract  Cost 
for  AFIT  Theses,  1990-96 


Thousands 


Figure  11 

AFIT  Research  Assessment  Form 
Answers  on  Significance 


No  Significance  Slightly  Significant  Significant  Very  Significant 
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In  this  study,  a  model  is  developed  to  predict  crack  growth  rates  in  a  titanium-aluminide  alloy  under  thermal-mechanical 
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isothermal-fatigue  and  hold-time  tests  are  performed  to  generate  the  data  base  required  for  model  parameters,  and  TMF  tests 
are  used  to  validate  the  modeling  technique.  The  model  predicts  in-phase,  as  well  as  180  degree  and  270  degree  out-of-phase 
crack  growth  rates  extremely  well,  and  underpredicts  the  90  degree  out-of-phase  crack  growth  rates  by  a  factor  of  two.  Two 
other,  more  complex  TMF  cycles  are  studied,  and  the  predicted  crack  growth  rates  correlate  well  with  the  experimental  data. 


Standard  Form  298  (Rev.  2-89)  (EG) 

Prescribed  by  ANSI  Std.  239.18 

Designed  using  Perform  Pro,  WHSfDIOR,  Oct  94 


14.  SUBJECT  TERMS 

Thermal-Mechanical  Fatigue,  Thermal  Fatigue,  Crack  Propagation  Fatigue,  Crack  Growth 
Rates,  Life  Prediction,  Damage  Modeling 

17.  SECURITY  CLASSIFICATION 

OF  REPORT 

18.  SECURITY  CLASSIFICATION 

OF  THIS  PAGE 

19.  SECURITY  CLASSIFICATION 

OF  ABSTRACT 

Unclassified 

Unclassified 

Unclassified 

15.  NUMBER  OF  PAGES 

318 

16.  PRICE  CODE 


20.  LIMITATION  OF 
ABSTRACT 

UL 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 


Air  Force  Institute  of  Technology 
Wright-Patterson  AFB  OH  45433-7765 


5.  FUNDING  NUMBERS 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


AFIT/DS/ AA/9 1  -3 


4.  TITLE  AND  SUBTITLE 

Crack  Growth  Rate  Modeling  of  a  Titanium-Aluminide  Alloy  Under 
Thermal-Mechanical  Cycling 


3.  REPORT  TYPE  AND  DATES  COVERED 

Doctoral  Dissertation 


1.  AGENCY  USE  ONLY  (Leave  blank) 


A- 2 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


th.  coSSmof  Momnin  dSXtra!  iTin'lo'ZI'  "“'Tita'  ’*rCl’"9  *“  s*ra*’  «d  mimtawng  tlx  dm  mdad.  and  computing  and  ranawrng 

Opafadona  and  Bogm,  1215  Jaltamn  Oa«a  Hjghw.y.  Sad.  1204.  Arlington,  VA  22202430?,  omt  ,n  tha  QHica  ,f  Man^aman.  andTnff  P^^lteSS^ P?off<0W0i88^^^^  I 


1.  AGENCY  USE  ONLY  (Leave  blank/ 


4.  TITLE  AND  SUBTITLE 


I  2.  REPORT  DATE 


December  1991 


3.  REPORT  TYPE  AND  DATES  COVERED - 

_ _ _  Master's  Thesis 

I  5.  FUNDING  NUMBERS 


Evaluation  of  an  Interdigitated  Gate  Electrode  Field-Effect  Transistor  for  In  Situ 
Resign  Cure  Monitoring 

6.  AUTHOR(S)  - - - - — 


Thomas  E.  Graham,  Capt,  USAF _ 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESSIESI 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


Air  Force  Institute  of  Technology 
Wright-Patterson  AFB  OH  45433-7765 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Ms.  Frances  Abrams 
WL/MLBC 

Wright-Patterson  AFB  OH  45433-6583 


11.  SUPPLEMENTARY  NOTES 


Assessment 

by 


12a.  DISTRIBUTION  AVAILABILITY  STATEMENT 


Approved  for  public  release;  distribution  unlimited 

13.  ABSTRACT  Maximum  200  words!  "  ’  " 


_ _ AFIT/GE/ENG/91D-55 

Although  similar  work  on  dielectric  cure  monitoring 
and  control  has  been  going  on  in  MLBC  and  other 
locations  for  years,  there  is  still  much  to  be  done  in  tht 
area.  The  AFIT  sensor  is  unique  because  of  its  size  an 
we  are  hoping  to  do  more  development  on  it.  The 
analysis  that  Capt  Graham  did  was  excellent  and  we 
will  continue  to  study  it.  I  might  add  that  this  effort 
produced  a  substantial  body  of  work  with  almost  no 
expenditure  of  effort  on  our  part.  Capt  Graham 
required  much  less  supervision  than  any  contrac¬ 
tor  or  new  in-house  effort  I  have  ever  managed. 


The  purpose  of  this  study  was  to  design  an  Interdigitated  Gate  Electrode  Field-Effect  Transistor  (IGEFET)  and  evaluate  its 
performance  as  an  m  situ  resign  cure  monitor.  A  commercially  available  resign  was  selected  for  the  research  and 
rheological  studies  were  performed  to  identify  the  resign’s  gelation  point  during  isothermal  cures  at  two  selected 
temperatures.  Additional  rheological  studies  were  performed  to  identify  the  resign's  glass  transition  temperature.  The 
interdigitated  gate  electrode  of  the  IGEFET  was  coated  with  samples  of  the  resign,  and  electrical  measurements  were 
performed  while  the  resigned  cured.  The  chemical  changes  which  occur  in  the  resign  as  a  result  of  curing  were  manifested 
m  e  interdigitated  gate  electrode's  electrical  characteristics.  The  results  reveal  that  the  IGEFET  is  capable  of  sensing  the 
electrical  impedance  changes,  and  hence  the  chemical  changes,  which  occur  during  the  resign’s  cure.  In  particular  the 
chemical  changes  due  to  gelation  are  evident  in  the  IGEFET 's  electrical  response  data.  In  addition,  the  resign  which  was 
cured  at  the  higher  temperature  was  close  to  its  glass  transition  temperature,  and  hence  softer  than  the  resign  cured  at  the 
lower  temperature,  and  the  IGEFET  was  capable  of  detecting  this  difference. 
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The  purpose  of  this  study  was  to  investigate  the  use  of  Artificial  Neural  Networks  to  localize  sound  sources  from  simulated, 
human  binaural  signals.  Only  sound  sources  originating  from  a  circle  on  the  horizontal  plane  were  considered.  Experiments 
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used  were:  time-samples  of  the  signals,  mean  FFT  magnitude  and  cross-correlation  data,  and  auto-correlation  and 
cross-correlation  data.  The  two  different  types  of  sound  source  signals  considered  were  tones  and  gaussian  noise.  The 
feature  set  which  yielded  the  best  results  in  terms  of  classification  accuracy  (over  91  %)  for  both  tones  and  noise  was  the 
auto-correlation  and  cross-correlation  data.  These  results  were  achieved  using  18  classes  (20  degrees  per  class).  The  other 
two  feature  sets  did  not  produce  accuracy  results  as  high  or  as  consistent  between  the  two  signal  types.  When  using 
time-samples  of  the  signals  as  features,  it  was  observed  that  in  order  to  accurately  classify  tones  of  random-frequency,  it  was 
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AFIT  provides  research  support  in  the  area  of  digital  radio  frequency  memory  (DRFM)  to  Wright  Laboratory.  This  support 
Includes  the  design  and  implementation  of  a  DRFM  system.  Currently,  the  research  effort  is  working  to  place  all  the 
functions  of  a  DRFM  into  a  one-chip  design  in  VSLI  technology. 

The  goal  of  this  thesis  is  to  use  a  customized  AFIT  VSLI  DRFM  chip  in  designing  and  fabricating  a  DRFM  system.  This 
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circuits  are  designed  in  ECL  technology  to  operate  up  to  100  MHz  with  six  bits  of  resolution.  The  100  MHz  speed 
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16.66  MHz,  the  speed  of  the  DSSM.  The  memory  and  DSSM  components  are  supported  by  F  series  TTL  components. 
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Vertical  Cavity  Surface  Emitting  Lasers  (VCSELs)  are  a  form  of  semiconductor  laser  which  have  their  cavity  oriented 
orthogonally  to  the  plane  of  the  wafer.  The  orientation  necessitates  short  cavities,  highly  reflective  mirrors  and  a  relatively 
high  gain/loss  ratio.  Even  so,  the  resultant  superior  exit  beam  characteristics  and  the  tight  packing  density  of  the  finished 
lasers  provide  strong  motivation  for  pursuing  the  growth  of  these  structures.  This  thesis  details  the  design  of  an  optically 
pumped  InGaAs  multiple  quantum  well  periodic  gain  structure  VCSEL  with  a  950  nm  lasing  wavelength.  These  growths 
were  to  be  a  first  attempt  at  VCSEL  construction,  so  part  of  this  study  included  verification  of  the  quantity  of  the  parts  of  the 
finished  design.  These  measurements  required  the  construction  of  a  laboratory  configuration  to  optically  pump  VCSELs  and 
characterize  them  by  spectral  reflectivity,  output  beam  polarization,  mode,  lasing  wavelength,  and  optimal  pump  wavelength. 
Analysis  of  the  characteristics  for  several  VCSELs  obtained  from  the  University  of  Arizona,  and  the  back  mirror  grown 
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Vertical  Cavity  Surface  Emitting  Lasers  (VCSELs)  are  a  type  of  semiconductor  laser  with  a  cavity  oriented  orthogonally  to 
the  planes  of  material  growth.  These  lasers  differ  from  conventional  edge  emitting  lasers  in  several  important  ways.  They 
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exhibit  a  clear  preference  for  light  polarized  in  a  particular  direction,  the  cylmdrically  symmetric  cavity  of  a  VCSEL  has  no 
clear  preference.  Therefore,  it  should  be  relatively  easy  to  change  the  polarization  of  a  VCSEL.  This  thesis  examines  the 
polarization  switching  effects  of  optical  feedback  from  an  external  reflector.  By  feeding  back  various  amounts  of 
cross-polarized  light,  the  switching  susceptibility  of  the  VCSEL  can  be  determined.  Measurements  confirmed  that  the 
polarization  of  a  VCSEL  can  be  switched  through  polarized  optical  feedback,  with  the  degree  of  switching  depending  on  the 
strength  of  feedback.  This  switching  was  a  relatively  rare  behavior,  indicating  that  most  VCSELs  had  some  type  of 
preferential  polarization.  This  preference  could  be  due  to  the  VCSEL  structure  itself  or  the  manner  in  which  it  was  excited. 
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Boresight  Error  (BSE),  defined  as  the  angular  deviation  between  the  true  position  and  the  apparent  position  of  a  target  as 
indicated  by  radar,  is  an  important  figure  of  merit  for  a  tracking  radar.  A  significant  contributor  to  system  BSE  is  the 
protective  radome.  This  research  effort  employed  a  GO  technique  to  investigate  the  effects  of  a  radome  on  BSE,  expanding 
previous  ray-trace  receive  techniques  to  include:  1)  a  uniquely  defined/developed  mathematical  description  for  each  surface 
within  arbitrary  multi-layer  tapered  radomes,  2)  an  "ideal"  taper  function  concept  for  obtaining  optimum  BSE  prediction 
performance,  3)  a  generalized  technique  for  calculating  specular  reflection  points  within  the  radome,  and  4)  the  total 
refractive  effects  along  ray  propagation  paths.  Computer  model  results  were  compared  with  limiting  case  data  (BSE  =  0 
degrees),  published  experimental  data,  and  production  system  acceptance  test  data.  For  all  limiting  cases,  "system” 
modeling  error  was  less  than  .06  mRad.  "Excellent"  (BSE  within  _+ 1  mRad)  results  were  obtained  using  hemispheric 
radome  with  a  displaced  aperture  gimbal  point;  predicted  BSE  values  were  within  +.1  mRad  of  published  experimental  data. 
Likewise,  BSE  predictions  for  the  production  system  were  within  _+  0.5  mRad-of-measured  data  over  a  30  degree  scan 
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12a.  distribution  availability  statement  be  depending  heavily  on  advanced  sensor  technology 

to  provide  “near  perfect”  knowledge  of  any 
adversary.  Other  areas  that  this  hyperspectral 
Approved  for  public  release;  distribution  unlimited  technology  could  be  applied  to  are  optical 

communications  and  optical  information  processing, 

13.  ABSTRACT  (Maximum  200  words)  - which  future  AFIT  students  could  pursue  in  their 

thesis  research. 

This  study  investigated  electrically  tunable  birefringent  optical  filters  for  use  as  the  spectral  discriminator  in  hyperspectral 
imaging  systems.  Spectral  discrimination  requirements  for  hyperspectral  imaging  systems  were  defined  using  specification 
from  two  state-of-the-art  hyperspectral  imaging  systems.  The  spectral  discrimination  requirements  led  to  the  definition  of  th 
ideal  tunable  optical  filter  for  spectral  discrimination  purposes.  Analytical  and  computer  analysis  was  performed  for  known 
birefringent  filters  which  showed  promise  of  electrical  tunability,  excluding  acousto-optics  filters.  No  perfect  match  was 
found  to  the  ideal  tunable  optical  filter  for  hyperspectral  imaging  defined  in  this  thesis.  Both  Lyot  and  Sole  based  filters 
exhibited  two  drawbacks  for  hyperspectral  imaging  application:  narrow  tuning  range  with  linear  bandwidth  dependence  on 
center  wavelength,  or  wide  tuning  range  and  quadratic  bandwidth  dependence  on  center  wavelength.  The  n-tuned  Sole  filter 
provided  the  best  compromise  between  tuning  range  and  bandwidth  control;  however,,  it  is  not  practical  due  to  the  excessive 
number  of  elements  required.  This  thesis  provides  the  needed  background  for  farther  research  in  this  area  and  identifies  a 
number  of  areas  for  further  worthwhile  research.  Acousto-optic  filters  offer  another  possible  avenue  for  hyperspectral 
imaging  and  should  be  investigated.  Birefringent  materials  should  also  be  studied  to  determine  material  limits  on  the 
electro-optic  effect  and  spectral  transmission  characteristics  to  determine  practical  capabilities  of  filters  discussed  in  this 
thesis. 
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Dave’s  work  was  critical  to  validate  the  lifetime  of 
the  materials/devices  currently  under  development. 
The  research  indicated  area  requiring  additional 
research  to  allow  advances  in  power,  speed,  and  life¬ 
time.  The  opportunity  provided  by  AFIT  (thesis 
study)  saved  this  organization  the  cost  of  contract¬ 
ing  the  work,  however,  there  is  a  greater  benefit. 
Dave’s  work  was  slightly  premature  for  this  project, 
but  none  knew  it  until  his  work  was  complete. 
Because  of  the  “thesis  studies”  flexible  nature  Dave 
"was  able  to  adopt  his  research  slightly  to  make  the 
most  of  his  time  and  ours.  We  most  likely  would 
not  have  had  this  opportunity  with  a  contractor. 
Money  and  manpower  also  are  benefits.  Even  though 
we  wanted  to  do  the  study,  neither  money  nor 
■  manpower  were  available. 


The  primary  intent  of  this  research  was  to  determine  the  influence  of  three  common  degradation  mechanisms  dark  area 
defects,  facet  degradation,  and  contact  degradation  on  the  operational  lifetime  of  GaAs  edge-emitting  semiconductor  lasers 
operating  in  a  continuous  fashion  at  100C.  Inherent  to  this  work  was  the  quantified  characterization  of  the  lasers  during  their 
operation.  This  characterization  arose  as  the  power  function  as  a  function  of  driving  current  at  room  temperature  before  and 
after  their  exposure  to  100C.  Two  more  similar  characterizations  were  conducted  at  the  beginning  and  end  of  each  laser’s 
exposure  to  100C.  An  additional  means  of  examining  laser  degradation  came  from  measuring  the  current  required  over  time 
to  maintain  a  constant  power  output  of  5,  7,  or  lOmW  at  the  elevated  temperature.  The  research  demonstrated  that  facet 
degradation  and  contact  degradation  were  minor  contributors  to  the  bulk  of  the  data  base's  degradation.  Dark  area  defects 
were  the  primary  degradation  mechanism  as  the  data’s  gradually  increasing  current  necessary  to  maintain  constant  output  will 
attest.  An  HF  acid  rinse  on  one  laser,  reacting  aggressively  to  local  crystal  defects,  highlighted  the  growth  of  dark  area 
defects  toward  the  lasing  cavity  due  to  continued  lasing.  As  a  whole,  the  lasers  performed  with  higher  slope  efficiencies  at 
elevated  temperature,  contrary  to  previous  research.  This  topic  deserves  more  research  .  ~~ 
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This  is  a  very  good  thesis  that  has  both  financial 
and  technical  support  from  WL/XPN  and  US  Navy 
at  Pax  River.  Capt  Kehr  did  a  superb  job  (given 
constraints  of  time  and  finances)  to  analyze  the  static 
vs  dynamic  RCS  of  the  C-29.  I  feel  that  Capt  Kehr 
is  just  beginning  to  scratch  the  surface  on  the  topic. 
This  is  a  very  difficult  subject  area  that  WL/XPN 
would  be  strongly  interested  in  supporting  at  a 
larger  level  if  AFIT  students  are  interested. 


This  ihesis  characterizes  the  Radar  Cross  Section  (RCS)  of  the  C-29  aircraft,  with  the  intent  of  developing  a  prediction 
model  capable  of  describing  the  spatial  correlation  properties  of  the  aircraft's  dynamic  RCS.  The  RCS  characterization  is 
accomplished  through  analysis  of  RCS  data  obtained  from  both  static  and  dynamic  RCS  measurements.  A  comparison  of 
both  the  first  and  second  Order  moments  associated  with  the  aircraft's  RCS  is  accomplished.  The  correlation  properties 
associated  with  the  static,  dynamic,  and  predicted  RCS  are  all  compared  and  the  results  discussed. 
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The  research  accomplished  in  this  thesis  has 
received  high  praise  from  WL/AAW.  The  ongoing 
“DRFM  on  a  Chip”  project  is  a  feed  to  current 
procurement  for  a  coherent  digital  jammer  system. 
This  research  also  feeds  an  expendable  electronic 
countermeasures  system.  I  feel  the  research 
accomplished  through  this  project  puts  the  Air 
Force  at  least  2  yrs  ahead  of  parallel  industry 
efforts.  Maj  Mehalic  and  the  students  should  be 
commended  for  their  excellent  work! 
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An  enhanced  digital  radio  frequency  memory  (DRFM)  integrated  circuit  (IC)  was  designed  and  fabricated.  The  DRFM  IC 
consists  of  a  2K  x  6-bit  memory  array,  a  finite  state  machine  (FSM)  based  memory  controller,  and  a  digital  single-sideband 
modulator  (DSSM).  Maximum  operational  speed  of  the  DRFM  IC  was  increased  by  improving  the  speed  of  the  DSSM 
circuit  from  10MHz  to  17  MHz.  The  speed  of  the  DSSM  circuit  was  increased  by  designing  and  incorporating  faster 
arithmetic  circuits  and  introducing  pipeline  latches  into  the  circuit.  Other  additional  features  of  the  DRFM  IC  included  an 
external  processor  interface  and  a  DSSM  bypass  mode.  VHSIC  Hardware  Description  Language  (VHDL)  model  designs  for 
two  electronic  countermeasure  (ECM)  generation  circuits  were  completed  and  validated.  The  ECM  generation  circuits  were 
designed  to  be  incorporated  into  the  DRFM  IC.  The  two  ECM  techniques  implemented  are  the  range  gate  pull-off  and  the 
head-to-tail  algorithm  for  generating  a  continuous  wave  jamming  signal.  The  two  ECM  technique  generation  circuits  have 
been  laid  out  in  Magic  and  validated  with  HSPICE.  However,  the  Magic  layouts  have  not  been  placed  in  pad  frames,  or  seni 
out  for  fabrication  due  to  time  constraints. 
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This  research  effort  characterized  VCSEL  devices 
which  have  applications  as  optical  switches  in 
computing  and  neural  network  architectures. 
These  non-linear  effects  are  important  for  analog 
systems  which  need  light  sources  which  remain 
linear  over  a  large  dynamic  range  of  output  power. 
Determining  the  cause  of  non-linear  effects  in  the 
VCSEL  devices  will  help  with  the  design  and 
fabrication  of  devices  which  either  enhance  or 
negate  these  effects.  A  current  effort  is  under  way 
at  the  University  of  Virginia  to  develop  highly 
linear  devices  with  respect  to  input  drive  current 
for  an  analog  signal  processing  application.  This 
effort  helped  characterize  these  devices  or  at  least 
the  initial  fabrication  efforts. 


The  nonlinear  characteristics  of  optically  pumped  Vertical  Cavity  Surface  Emitting  Lasers  (VCSELs)  are  identified,  isolated, 
and  quantified.  Three  different  VCSELs  are  emulated  including  two  with  gain  regions  of  bulk  GaAs  operating  at  875nm  and 
one  multi-quantum  well  (MQW)  InGaAs  VCSEL  operating  at  950nm.  The  nonlinearities  evaluated  include  those  due  to 
cavity  temperature,  carrier  injection,  and  internal  lasing  field.  The  VCSELs  are  pumped  by  a  picosecond/femtosecond 
TirSapphire  laser  which  is  configured  to  operate  in  CW,  gated  CW  (minimum  gate  width  was  200ns),  picosecond,  and  gated 
picosecond  modes.  A  linear  relationship  is  shown  between  wavelength  and  substrate  temperature,  cavity  temperature,  and 
injected  carriers.  It  is  shown  that  heating  is  the  dominate  nonlinearity  in  the  bulk  gain  region  VCSELs  for  the  pump  duty 
cycles  which  could  be  achieved.  The  MQW  VCSEL  was  dominated  by  nonlinearities  due  to  carrier  population  at  duty  cycles 
of  10%  or  less  causing  the  VCSEL  to  blueshift.  A  nonlinear  relationship  is  shown  between  input  power  and  output  power 
and  is  attributed  to  the  optical  Kerr  effects  in  the  mirror  layers  and  gain  region. 
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This  thesis  investigated  the  change  of  radome  transmission  behavior  of  Frequency  Selective  Surfaces  (FSS),  with  errors 
introduced  in  slots  geometric  parameters.  Three  (3)  FSS  were  analyzed.  The  first  is  a  single  thin  conducting  plane  with  an 
array  of  35  columns  of  thin  linear  slots  in  free  space.  The  second  is  composed  of  two  thin  conducting  planes  with  an  array 
of  35  columns  of  thin  linear  slots  per  each  FSS  in  free  space.  The  third  consists  of  two  thin  conducting  planes  with  an  array 
of  21  columns  of  thin  linear  slots  per  each  FSS,  embedded  in  dielectric  layers.  After  designing  the  ideal  FSS  with  the  code 
known  as  PMM,  Gaussian  errors  are  introduced  on  lengths,  widths,  locations  of  the  slot  columns  and  z  locations  of  reference 
slots  in  each  column,  and  using  a  "finite  by  infinite"  array  code  (SFI)  the  value  of  the  peak  transmitted  power  and  the 
radiation  pattern  are  obtained  several  times  for  different  generated  Gaussian  errors.  All  the  results  are  tabulated  and 
presented  in  a  statistical  and  graphical  way  with  the  purpose  of  defining  tolerance  requirements. 
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This  study  attempted  to  analyze  the  effect  of  calibration  on  the  performance  of  the  SASET  computer  software  cost 
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This  research  investigated  a  heuristic  approach  to  schedule  aircraft  for  die  channel  cargo  system  of  the  United  States  Air 
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load  aircraft  in  order  to  maximize  the  flow  of  cargo  through  a  channel  cargo  system.  Once  a  level  of  flow  was  established, 
attempts  were  made  to  minimize  cost  in  terms  of  cumulative  weighted  time-in-system  (CWTIS).  A  minimum  cost  flow 
heuristic,  incorporating  a  successive  shortest  path  algorithm,  was  coupled  with  a  critical  arc  schedule  improvement  heuristic 
Our  procedure  iterated  between  these  two  heuristics  to  generate  a  cargo  flow  pattern  and  aircraft  schedule.  This  research 
demonstrated  the  usefulness  and  efficiency  of  this  heuristic  in  planning  airlift  for  the  channel  cargo  system.  The  FORTRAIv 
programs  which  implement  the  heuristics  are  compatible  with  current  AMC  scheduling/advance  planning  tools.  Given  this 
compatibility,  additional  testing  in  conjunction  with  AMC's  current  planning  tools  (STORM,  CARGPREP,  and 
CARGOSIM)  is  warranted.  Pending  successful  testing  in  this  environment,  implementation  of  these  methods  is 
recommended. 
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(re-inversion)  from  an  inverted  orientation  through  the  utilization  of  its  momentum  wheel.  Understanding  this  process 
provides  an  analytical  foundation  from  which  a  universal  attitude  inversion  process  for  other  gravity-gradient  satellites  with 
similar  anomalous  motions  may  be  sought  and  developed.  The  equations  of  motion  for  a  gravity-gradient  satellite  with  a 
momentum  wheel  are  derived  and  implemented  in  FORTRAN  for  simulation  of  the  dynamics  of  the  spacecraft.  Several 
re-inversion  characteristics  are  observed,  in  particular,  the  dynamics  about  pitch  axis.  The  resulting  observations 
demonstrate  an  unexpected  non-linear  relationship  between  the  oscillation  angle  of  the  pitch  axis  and  despin  time  of  the 
momentum  wheel.  This  phenomenon  depends  in  part  on  the  size  of  the  momentum  wheel  compared  to  that  of  the  spacecraft 
and  on  the  pitch  angle  at  the  time  of  motor  torque  application. 
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an  architecture  to  organize  the  methods  and  a  basis  for  making  control  decisions  concerning  method  use  during  diagnosis.  It 
identifies  a  generous  number  of  methods  useful  to  perform  diagnosis.  It  identifies  the  knowledge  these  methods  require. 
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Recent  cut-backs  in  Department  of  Defense  spending  have  presented  a  need  to  augment  full-scale  ejection  seat  testing  with 
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As  navigation  systems  continue  to  improve  in  performance  and  features,  the  Air  Force  must  develop  better  Navigation 
Reference  Systems  (NRS)  to  keep  pace  with  technology.  Specifically,  with  the  advent  of  enhanced,  Integrated  Global 
Positioning  System  (GPS)  and  Inertial  Navigation  Systems  (INS)  navigators,  emphasis  is  placed  on  the  measuring 
performance  in  the  presence  of  GPS  jamming.  To  meet  these  needs,  a  new  NRS  dubbed  the  Sub-Meter  Accuracy  System 
(SARS),  is  being  developed  by  the  746th  Test  Squadron,  Holloman  AFB  NM.  SARS  uses  a  unique,  inverted  GPS  pseudolite 
positioning  system  to  determine  a  reference  trajectory.  This  research  investigates  two  post-processing  methods  of 
determining  velocity  from  a  discrete  position  data  at  a  constant  data  rate.  Hie  first  method  employs  numerical  differentiation 
filters  to  provide  noise  reduction.  The  second  method  uses  kinematic  model-based  Kalman  filtering  and  smoothing  to 
determine  the  reference  velocity 
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A  two-dimensional,  geometrically  and  materially  nonlinear  shell  theory  applicable  to  arbitrary  geometries  described  by 
orthogonal  curvilinear  coordinates  and  encompassing  large  displacements,  moderate  rotations  for  large  strain  situations  has 
been  developed.  Additionally,  the  theory  includes  Jacobian  transformation  matrices,  based  upon  displacement  parameters, 
for  the  Cauchy-2nd  Piola-Kirchhoff  stress-state  and  the  Cauchy  (Almansi)  -  Green  strain-state  transformation,  and  a  layered 
material  approach  is  included  for  the  elasto-plastic  analysis  to  allow  for  variation  of  plasticity  through-the-thickness.  Doubly 
curved  20,  28,  and  36  degree-of-freedom  finite  elements  are  defined  based  on  specialization  of  the  nonlinear  problems. 
Post-collapse  nonlinear  solutions  are  found  through  a  displacement-control  incrementation  scheme.  This  provides  solutions 
to  classical  von  Karman  flat  plate  and  Donnell  spherical  shell  equations,  intermediate  von  Karman  flat  plate  and  Donnell 
spherical  shell  equations,  and  large  displacement  and  moderate  rotational  formulations.  For  deep  shells  exhibiting  large 
rotations  and  displacements  over  15-20%  of  the  shell's  surface,  the  Langrangian  constitutive  relations  (Including  the  Jacobian 
transformation  matrices  for  the  stress-  and  strain-states)  should  be  included  to  accurately  reflect  the  variation  of  the  material 
coordinate  system  with  respect  to  the  structural  axis  system.  For  those  plates  and  shells  exhibiting  large  strains,  along  with 
large  rotations  and  displacements  over  15-18%  of  the  outer  surface,  plasticity  should  be  included  in  the  model. 
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A  ceiling  semi-cylindrical  model  containing  a  single  wrap-around  fm  (WAF)  was  tested  in  the  AFIT  Mach  2.9  test  facility. 
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fluctuations  of  the  primitive  and  conserved  flow  variables.  It  was  found  that  the  incompressible  turbulent  fluctuating 
quantities  are  equally  as  descriptive  of  the  flow  structure  in  the  fin's  vicinity  as  the  compressible  turbulence  fluctuations. 
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Flame  holding  is  a  key  limiting  factor  in  the  develop¬ 
ment  of  supersonic  combustion  ramjet  engines.  The 
recessed  cavity  flame  holder  design  that  Doug 
developed  and  analyzed  has  enormous  potential,  and 
the  concept  is  currently  being  experimentally 
evaluated  in  Test  Cell  22  at  WPAFB.  Furthermore, 
the  flame  holder  design  methodology  that  was 
developed  in  Doug’s  dissertation  is  currently  being 
used  by  Air  Force  scientists  and  engineers  in  the 
scramjet  development  program.  If  performed  under 
contract,  this  research  would  have  cost  our 
organization  over  $400,000.  However,  the  positive 
impact  to  the  division  mission  is  far  more  valuable. 


This  study  investigated  the  flame  holding  properties  of  recessed  cavities  in  supersonic  flow  using  numerical  analysis 
techniques.  A  simplified  analytical  model  indicated  that  an  important  property  for  flame  holding  was  the  lower  residence 
time.  Several  chemical  kinetics  rate  models  for  hydrogen  and  hydrocarbon  combustion  were  compared.  The  perfectly 
stirred  reactor  model  also  indicated  that  trace  species  diffusion  should  increase  flame  spreading  rate,  and  that  heat  loss 
reduces  flame  holding  limits.  After  nonreacting  calibration,  two-dimensional  simulations  confirmed  the  perfectly  stirred 
reactor  results  for  blowout  limits.  Also,  the  effect  of  trace  species  diffusion  on  flame  spreading  was  shown  to  be  negligible, 
and  the  reduced  flammability  with  heat  loss  was  confirmed.  Lowering  the  temperature  of  the  inflow  boundary  layer  was 
shown  to  reduce  the  flammability  limits.  Three-dimensional  cavities  were  shown  to  generate  axial  vorticity  and  slightly 
enhance  flame  spreading.  The  methodology  developed  in  this  research  provides  a  design  guide  for  the  size  of  cavity  required 
to  provide  flame  holding  for  scramjet  combustor.  Also,  reduction  of  heat  losses  was  shown  to  be  a  method  to  improve  flame 
holding  performance  without  increasing  the  cavity  size. 
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A  total  Lagrangian  finite  element  scheme  for  arbitrarily  large  displacements  and  rotations  is  applied  to  a  wide  range  of  shell 
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A  DSP  application  of  interest  to  the  Air  Force  is  high-speed  avionics  processing.  The  real-time  computing  requirements  of 
avionics  processing  exceed  the  capabilities  of  current  single -chip  DSP  processors,  and  parallelization  of  multiple  DSP 
processors  is  a  solution  to  handle  such  requirements.  Designing  and  implementing  a  parallel  DSP  algorithm  has  been  a 
lengthy  process  often  requiring  different  design  tools  and  extensive  programming  experience.  Through  the  use  of  integrated 
software  development  tools,  rapid  prototyping  becomes  possible  by  simulating  algorithms,  generating  code  for  workstations 
or  DSP  micoprocessors,  and  generating  hardware  description  language  code  for  hardware  synthesis.  This  research  examines 
the  use  of  one  such  tool,  the  Signal  Processing  Work  System  (SPW)  by  the  Alta  Group  of  Cadence  Design  Systems,  Inc., 
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objectives  and  evaluate  trade-offs  to  find  the  best  blend  of  efficiency  and  effectiveness.  SPW  is  shown  to  be  a  viable  rapid 
prototyping  solution  allowing  an  avionics  designer  to  focus  on  design  trade-offs  instead  of  implementation  details  while  using 
parallelization  to  meet  real-time  application  requirements.  _ 
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A  proposed  transform  domain  communications  system  is  shown  to  provide  significant  jamming  protection  over  a  wide  range 
of  jamming  conditions.  The  proposed  system  samples  the  local  environment  to  determine  the  presence  and  spectral  location 
of  jamming  signals.  Transform  domain  signal  processing  techniques  are  use  to  design  a  waveform  such  that  the  jammed 
frequencies  are  avoided.  This  wave  form  is  stored  in  memory  and  modulated  by  several  techniques.  At  the  receiver,  the 
signal  is  correlated  with  a  locally  generated  version  of  the  waveform  and  data  is  retrieved.  The  proposed  system  is  simulated 
using  MATLA^®  and  the  results  analyzed  for  comparison  to  a  baseline  of  a  binary  phase  shift  keying  (BPSK) 
direct-sequence  spread  spectrum  system.  The  performance  measure  used  is  probability  of  bit  error,  P  .  The  transform 
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conditions.  For  a  signal  bit  energy  to  noise  PSD  level  (  %/No)  of  4  dB  and  a  variety  of  jamming  conditions,  antipodal  signal 
modulation  provided  an  average  improvement  of  12.7  dB  and  a  binary  orthogonal  signal  modulation  provided  a  6.8  dB 
improvement.  Af-ary  orthogonal  signal  modulation  is  successfully  signal  modulation  is  successfully  demonstrated  and  shown 
to  provide  increasing  improvement  with  an  increasing  number  of  signals  in  the  signal  set. 
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The  purpose  of  this  research  is  to  study  the  injection  of  an  intelligent  agent  into  modem  user  interface  technology.  This 
agent  is  intended  to  manage  the  complex  interactions  between  the  software  system  and  the  user,  thus  making  the  complexities 
transparent  to  the  user.  The  background  study  will  show  that  while  interesting  and  promising  research  exists  in  the  domain 
of  intelligent  interface  agents,  very  little  research  has  been  published  that  indicates  true  success  in  representing  the 
uncertainty  involved  in  predicting  user  intent.  The  interface  agent  architecture  presented  in  this  thesis  will  offer  one  solution 
for  solving  the  problem  using  a  newly  developed  Bayesian-based  agent  called  the  Intelligent  Interface  Agent  (IIA).  The 
proof  of  concept  of  this  architecture  has  been  implemented  in  an  actual  expert  system,  and  this  thesis  presents  the  results  of 
the  implementation.  The  conclusions  of  this  thesis  will  show  the  viability  of  this  new  agent  architecture,  as  well  as 
promising  future  research  in  examination  of  cognitive  models,  development  of  an  intelligent  interface  agent  interaction 
language,  expansion  of  meta-level  interface  learning,  and  refinement  of  the  PESKI  user  interface. 


14.  SUBJECT  TERMS 

Intelligent  User  Interface,  Generic  Expert  System,  Uncertainty-based  Reasoning,  Bayesian 
Network  _ _ _ ... — 


17.  SECURITY  CLASSIFICATION 
OF  REPORT 

Unclassified 


18.  SECURITY  CLASSIFICATION 
OF  THIS  PAGE 

Unclassified 


19.  SECURITY  CLASSIFICATION 
OF  ABSTRACT 

Unclassified 


115.  NUMBER  OF  PAGES 


116.  PRICE  CODE 


'  20.  LIMltATIOl'l  OF 
ABSTRACT 


Standard  Form  298  (Rev.  2-89)  (EG) 

Prescribed  by  ANSI  Std.  23QJ8  _  t 

Qenqncd  using  Perf  orm  Pro,  WHSfOlOB,  Oct  94 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining  the  data  needed,  and  completing  and  renewing 
the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information 
Operations  and  Reports,  1215  Jefferson  Oavis  Highway,  Suite  1204,  Arlington,  VA  222024302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503. 


1.  AGENCY  USE  ONLY  (Leave  blank! 


4.  TITLE  AND  SUBTITLE 


2.  REPORT  DATE 


3.  REPORT  TYPE  AND  DATES  COVERED 


December  1996 


Master's  Thesis 


5.  FUNDING  NUMBERS 


Residual  Strength  and  Fatigue  Characterization  of  SCS-6/TI-6-4 


6,  AUTHOR(S) 


Sang-Myung  Lee,  Maj,  ROKA 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


Air  Force  Institute  of  Technology 
Wright-Patterson  AFB  OH  45433-7765 


9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Dr.  Theodore  Nicholas 
WL/MLLN 

Wright-Patterson  AFB  OH  45433-6583 

11.  SUPPLEMENTARY  NOTES  ASSESSMENT 

BY 

Above  Sponsor  = 

12a.  DISTRIBUTION  AVAILABILITY  STATEMENT 


AFIT  /  G  AE/EN  Y /96d-7 


10.  SPONSORINGfMONITORING 
AGENCY  REPORT  NUMBER 


This  project  contributed  to  a  large  effort  in  ML  in 
characterization  of  metal  matrix  composites  and 
provided  useful  information  on  fatigue  damage 
mechanisms 


Approved  for  public  release;  distribution  unlimited 


13.  ABSTRACT  (Maximum  200  words! 


This  study  investigated  the  residual  strength  of  unidirectional  laminate  of  SCS-6/Ti-6-4,  a  titanium  alloy  matrix  based 
composite  at  elevated  temperature  427  C  under  tension-tension  load  controlled  mode  =900MPa,  R-ratio=0.05)  with 
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then  were  fatigued  to  failure.  Based  on  the  strength  and  fatigue  life,  specimens  were  fatigued  to  various  fractions  of  the 
fatigue  life  and  then  loaded  monotonically  to  failure.  Macroscopic  and  microscopic  observation  were  performed  to 
characterize  damage.  Under  both  1Hz  and  O.OlHz  test  frequencies,  the  residual  strength  degraded  so  slowly  up  to  70-90% 
of  the  fatigue  life  and  then  dropped  catastrophically  to  the  end  of  the  life.  The  critical  failure  behavior  revealed  in  this 
material  was  able  to  be  banded  by  the  maximum  and  minimum  curve  so  that  most  variation  of  the  residual  strength  could  be 
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spares  inventory  levels.  This  mathematical  model  is  discussed  in  complete  detail  as  a  robust  platform  for  conducting 
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A  hybrid  method  of  moments  (MM)  based  numerical  model  for  the  electromagnetic  scattering  from  large  finite  by 
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developed  toward  the  treatment  of  measurement  noise  in  dynamical  systems.  This  approach  hinges  on  proper  stochastic 
modeling,  and  it  can  be  adapted  easily  to  many  different  scenarios,  where  it  yields  consistently  good  parameter  estimates. 
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physical  parameters  of  a  continuous-time  plant  are  identified  using  sampled  measurements  of  the  continuous-time  input  and 
output.  Validation  of  the  estimates  is  performed  correctly,  and  the  results  are  compared  with  other,  more  common, 
identification  algorithms.  The  GMV  results  are  generally  better. 
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The  effects  of  stepped  tip  gaps  and  clearance  levels  on  the  performance,  flowfield,  and  stall  characteristics  of  a  transonic 
axial-flow  compressor  rotor  were  experimentally  and  numerically  determined.  A  theory  and  mechanism  for  relocation  of 
blockage  in  the  rotor  tip  region  was  developed.  A  two-stage  compressor  with  no  inlet  guide  vanes  was  tested  in  the  Wright 
Laboratory's  Compressor  Research  Facility  located  at  Wright-Patterson  AFB  OH.  The  first-stage  rotor  was  unswept  and 
was  tested  for  an  optimum  tip  clearance  with  variations  in  stepped  gaps  machined  into  the  casing  neat  the  aft  tip  region  of  the 
rotor.  Nine  casing  geometries  were  investigated  consisting  of  three  step  profiles  at  each  of  three  clearance  levels.  For  small 
and  intermediate  clearances,  stepped  tip  gaps  were  found  to  improve  pressure  ratio,  efficiency,  and  flow  range  for  most 
operating  conditions.  At  100%  design  rotor  speed,  stepped  tip  gaps  produced  a  doubling  of  mass  flow  range  with  as  much  as 
a  2.0%  increase  in  mass  flow  and  a  1.5%  improvement  in  efficiency.  The  flowfield  characteristics  associated  with 
performance  improvements  were  experimentally  and  numerically  analyzed.  Stepped  tip  gaps  were  found  to  have  no 
significant  effect  on  the  stall  characteristics  of  the  rotor,  the  stability  characteristics  attributable  to  tip  geometry  were 
determined  by  the  clearance  over  the  forward  portion  of  the  rotor  blade.  This  study  provides  guidelines  for  engineers  to 
improve  compressor  performance  for  an  existing  design  by  applying  an  optimum  casing  profile. 
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This  thesis  effort  focuses  on  the  development  of  an  object-oriented  simulation  of  C-17  personnel  airdrop  operations  and 
provides  a  tool  for  risk  assessment  of  jumper  and  wingtip  vortex  interaction.  Using  the  initial  modeling  efforts  of  the  Wrigh 
Laboratory,  this  model  expands  those  efforts  to  include  random  aircraft,  wind  and  jumper  movement  within  the  simulation 
using  MODSIM  III  as  its  language.  Once  the  model  was  built,  verified,  and  calibrated,  it  helped  perform  a  preliminary 
analysis  of  jumper  risk  with  varying  element  spacing  and  no  crosswind.  The  results  of  the  simulation  provided  15  data  poini 
with  which  linear  and  logistic  regression  provided  an  estimation  of  the  marginal  rate  of  change  of  jumper/vortex  encounter 
rate.  Using  the  third  order  model  shows  that  the  encounter  rate  levels  off  around  24,000  feet  spacing  between  element 
leaders  at  12%,  and  stays  as  high  as  11%  at  32,000  feet  before  dropping  to  0.4%  at  34,000  feet.  Further  research  and  modi 
improvements  may  bring  the  encounter  rate  down  at  the  more  distant  spacing  but  that  is  left  for  post  thesis  analysis  efforts. 
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This  thesis  investigates  the  integration  of  a  three-dimensional  (3-D)  audio  enhanced  radar  warning  receiver  (RWR)  display.  * 
A  3-D  enhanced  RWR  display  provides  a  spatial  auditory  warning  cue  enabling  the  pilot  to  perceive  the  direction  of  the 
threat  without  the  need  to  reference  a  visual  display.  The  goals  of  this  work  are  to  determine  the  effect  of  the  cockpit 
environment  on  auditory  localization  and  demonstrate  the  potential  of  a  3-D  audio  enhanced  RWR  display.  The  investigation 
is  conducted  with  rated  military  officers,  replicated  cockpit  noise  and  operational  RWR  warning  signals.  The  3-D  audio 
enhanced  RWR  display  includes  active  noise  reduction  (ANR)  earcups.  A  comparison  of  ANR  earcups  to  conventional 
headphones  shows  no  degradation  of  localization  ability  using  ANR.  An  investigation  on  the  effect  of  aircraft  cockpit  noise 
on  localization  shows  no  degradation  of  accuracy.  A  localization  enhancement  technique  is  demonstrated  that  yields  a  2.3 
improvement  in  localization  accuracy  as  well  as  providing  a  cue  that  is  perceptually  easier  to  localize.  The  enhancement 
technique  retains  the  attention  demanding  characteristics  of  auditory  warning  cues  while  improving  the  localization  accuracy. 
In  the  first  air-to-air  application  of  this  technology,  an  airborne  demonstration  confirms  reliable  auditory  cueing;  reduced 
pilot  workload;  and  increase  situational  awareness. 
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detection  and  targeting  processes,  intelligence,  command  and  control  processes,  laser  weapon  interactions,  and  stochastic 
attrition.  The  goal  is  to  provide  sufficient  documentation  on  the  necessary  algorithms  and  related  equations  for  programmers 
to  build  a  computer  simulation  with  a  reasonable  run  time  and  credible  output. 
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the  obstetrical  unit  at  Wright-Patterson  AFB 
Medical  Center.  The  fundamental  obstetrical 
-  department  operations  identified  in  this  simulation 
model  have  future  application  for  both  facility 
planning  and  nurse  and  technical  support  personnel 
staffing  throughout  the  Air  Force  and  other  Military 
Treatments  Facility  (MTF)  hospitals.  The 

simulation  model  developed  by  Capt  Stephens 
permits  detailed  analysis  of  resource  implications 
associated  with  the  provision  of  obstetrical  services, 

■  better  allocation  of  scare  resources  within  MTF 
hospitals,  and  potentially  reduced  CHAMPUS 
expenditures.  Our  office  is  currently  working  to 
further  the  research  and  analysis  begun  by  Capt 
Stephens. 


The  purpose  of  this  research  was  to  develop  a  decision  support  tool  for  users  at  Air  Force  Medical  Treatment  Facility 
obstetrical  (OB)  units.  Hie  immediate  needs  of  the  generalized  simulation  model  contained  in  this  research  provide 
obstetrical  wards  with  the  capability  to  identify  unit  effectiveness  as  well  as  the  ability  to  predict  future  performance.  As  a 
result  of  this  model,  decision-makers  will  now  have  access  to  information  on  system  performance  as  well  as  insight  into  the 
effects  of  changing  conditions.  This  model  was  formulated  with  the  flexibility  to  be  adapted  to  OB  wards  at  regional  and 
local  hospitals  throughout  the  Air  Force.  The  generalized  approach  provides  staff  the  opportunity  to  explore  alternative 
policy  options  without  detrimental  effects  on  system  performance.  Options  associated  with  patient  arrival,  departure,  and 
service  conditions  can  now  be  fully  explored.  Possible  nurse  scheduling  options  are  also  afforded  through  model  output. 


14.  SUBJECT  TERMS  15.  NUMBER  OF  PAGES 

152 

Simulation,  Obstetrics,  Obstetrical  Unit,  Systems  Analysis 


16.  PRICE  CODE 


17.  SECURITY  CLASSIFICATION 
OF  REPORT 

Unclassified 


18.  SECURITY  CLASSIFICATION 
OF  THIS  PAGE 

Unclassified 


19.  SECURITY  CLASSIFICATION 
OF  ABSTRACT 

Unclassified 


T20.  LIMITATION  OF 
ABSTRACT 


Standard  Form  298  (Rev.  2-89)  (EG) 

Prescribed  by  ANSI  Std.  231.18 

Designed  using  Perform  Pro.  WHS/0KJR,  Oct  94 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  date  sources,  gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing 
the  collection  of  information.  Send  conwnents  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information 
Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503. 


1.  AGENCY  USE  ONLY  (Leave blank) 


4.  TITLE  AND  SUBTITLE 


2.  REPORT  DATE 


3.  REPORT  TYPE  AND  DATES  COVERED 


December  1993 


Integration  and  Enhancement  of  the  Saber  Wargame 


6.  AUTHOR(S) 


Karl  S.  Mathias,  Capt,  USAF 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 


Master’s  Thesis 


5.  FUNDING  NUMBERS 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


Air  Force  Institute  of  Technology 
Wright-Patterson  AFB  OH  45433-7765 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESSTesT 

Lt  Col  Barry  G.  Litherland 
AU  CADRE AVG 
Maxwell  AFB  AL  36112 

11.  SUPPLEMENTARY  NOTES  "  " 

Assessment 

by 

Above  Sponsor  = 

12a.  DISTRIBUTION  AVAILABILITY  STATEMENT 


Approved  for  public  release;  distribution  unlimited 


13.  ABSTRACT  /Maximum  200  words! 


|  AFIT/GCS/ENG/93D-15 

This  thesis  was  comprehensive  and  thoroughly 
.researched.  Further,  it  represents  a  major  milestone 
for  us  as  the  capstone  of  our  SABER  evaluation  and 
implementation  initiative.  The  lessons  learned  from 
the  SABER  papers  have  been  used  to  improve  the  Air 
Force  Combat  Exercise  System  (ACES)  models  and 
.  software.  ACES  has  several  mature,  fielded 
wargames  operationally  supporting  a  number  of 
domestic  and  foreign  senior  service  schools.  A  t  the 
same  time,  work  continues 

"Toward  building  workable  joint  models^  expanding 
model  capabilities,  improving  user  interfaces,  and 
migrating  ACES  into  the  open  system  arena. 
Downsizing  the  AF  directly  impacts  our  mission  in  at 
least  two  areas:  resources  and  customers.  As  a 
"  meaningful  alternative  to  field  exercises,  we  are  faced 
with  a  rapidly  growing  list  of  potential  customers 
with  various  needs,  expectations,  and  capabilities. 


The  Saber  wargame  is  a  theater-level  air/land  battle  wargame  written  in  Ada  that  is  being  developed  for  the  Air  Force 
Wargaming  Center  at  Maxwell  AFB  AL.  This  thesis  documents  how  the  user  interface  and  simulation  engine  were 
integrated.  Integration  was  accomplished  by  developing  a  potable  object-oriented  database  system  (OODBMS)  interface. 

The  interface  was  implemented  in  Ada  and  tied  to  an  OODBMS  also  written  in  Ada.  Using  the  interface,  both  subsystems 
were  able  to  work  from  a  consistent  database  and  exchange  information.  The  user  interface  was  enhanced  by  converting  it 
from  the  Software  Technology  for  Adaptable  Reliable  Systems  Ada /X  Window  System  bindings  to  a  newer  commercial  set. 

Generic  components  were  constructed  to  allow  the  rapid  development  of  Motif  input  forms  written  in  Ada. _ 
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This  thesis  examines  the  feasibility  of  using  least  median  of  squares  (LMS)  procedure  applied  to  a  reweighted  least  squares 
(RLS)  autoregression  model  to  identify  significant  outliers  in  time  series  data.  The  time  series  were  analyzed  for  data  points 
that  were  outliers.  In  order  to  perform  detailed  analysis  on  an  outlier,  the  analyst  must  be  able  to  determine  that  an  outlier 
data  point  is  significantly  different  from  normally  distributed  data.  This  thesis  examines  a  new  method  for  identifying  these 
outliers.  Data  from  the  field  were  characterized  and  fit  with  time  series  models  an  autoregressive  reweighted  least  squares 
routine  (ARRLS)  derived  from  the  LMS  methodology.  Various  orders  of  autoregression  were  applied  to  the  AARLS  method 
to  determine  an  appropriate  order  for  the  model;  resulting  fit  coefficients  were  tests  for  significance.  Regression  results 
from  the  data  taken  at  five  sites  are  presented.  By  using  an  autoregressive  order  of  one  (AR(1))  applied  to  the  ARRLS,  this 
method  significantly  improved  outlier  detection  in  the  time  series  data  over  the  recursive  removal  without  regression  (RRR) 
method  currently  in  use.  In  addition  to  identifying  the  outliers  found  by  RRR,  the  AR(1)-RLS  method  routinely  identified 
four  items  as  many  outliers  as  AFTAC’s  RRR  method.  The  AR(1)-RLS  method  is  recommended  as  a  complimentary 
procedure  to  the  RRR  method  currently  used  in  identifying  significant  outliers.  After  sufficient  operational  experience  is 
gained,  AR(1)-RLS  may  supplant  current  schemes.  Recommendations  for  improvements  to  the  AR(1)-RLS  method  are 
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This  study  evaluated  TPH  (total  petroleum  hydrocarbon)  cleanup  standard  for  petroleum  contaminated  soils  (PCS).  A  survey 
of  13  state  regulators  was  performed  to  characterize  current  standards  and  regulatory  viewpoints  on  the  use  of  TPH  versus  a 
BTEX  cleanup  standard.  The  regulatory  community  considers  the  BTEX  constituents  the  greatest  threat  to  groundwater;  yet 
expressed  concern  that  the  use  of  a  compound  specific  standard,  without  an  accompanying  analysis  of  BTEX  to  TPH  in  soil 
over  time.  Based  on  JP-4  contaminated  site  oil  data,  this  study  demonstrated  that  the  ratio  of  BTEX  to  TPH  declines  with 
time.  The  results  indicate  that  the  constant  ratio  of  BTEX  to  TPH  assumed  by  the  California  LUFT  manual  and  Stokman 
and  Dime's  research  is  not  valid  for  soils  contaminated  with  JP-4.  Lastly,  this  research  identified  the  cost  savings  potential 
that  would  result  if  a  BTEX  based  standard,  versus  a  TPH  standard,  were  required  at  all  Air  Force  sites.  The  research 
shows  that  only  13  %  of  sites  which  would  require  cleanup  under  a  TPH  standard  would  require  cleanup  under  a  BTEX  based 
standard. 
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Computer  simulation  was  used  to  evaluate  the  impact  of  a  Logistics  Control  Facility  (LCF)  with  a  Total  Asset 
Visibility  (TAV)  system  on  the  AF  logistics  system’s  ability  to  support  a  weapon  system.  For  this  study,  the  B-1B  was 
chosen  as  the  weapon  system  of  interest  Two  performance  measures,  expected  fully  mission  capable  rates  and  expected 
pipeline  quantities,  were  used  to  evaluate  the  simulation  results.  Two-sample  t  tests  were  used  to  compare  the  current 
logistics  configuration  of  the  B-1B  with  that  same  configuration,  but  with  an  LCF  controlling  the  movement  of  assets.  The 
expected  FMC  rate  performance  measure  showed  significant  results  while  the  expected  pipeline  quantity  performance 
measure  did  not  After  determining  that  the  LCF  with  a  TAV  system  did  have  an  impact  on  the  ability  of  the  AF  logistics 
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This  research  studied  the  application  of  cost  management  competencies  in  the  financial  management  career  field.  The 
pirpoee  was  to  determine  how  frequently  these  competencies  are  used  by  the  financial  analysts  and  how  important 
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Previous  work  on  personnel  airdrop  problems  involving  jumpers  has  been  event-oriented  entanglement  rates,  number  of 
canopy  "bumps",  landing  injuries,  and  deaths  represent  the  typical  metrics.  The  thesis  expands  this  area  of  research  by 
developing  cumulative  distribution  functions  of  maximum  possible  chute  entanglement  risk  for  the  C-17  using  bootstrap 
techniques.  By  comparing  the  effects  of  various  C-17  aircraft  configurations  on  the  entanglement  CFD,  this  thesis  shows 
that  under  certain  configurations  the  risk  of  centerline  entanglements  for  the  C-17  is  less  than  for  the  C-141. 
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The  purpose  of  this  study  is  to  analyze  AFCEE's  draft  environmental  justice  methodology.  The  study  provides  background 
on  the  meaning  of  environmental  justice  along  with  related  terminology,  and  covers  historical  events  of  the  environmental 
justice  movement  leading  up  to  the  publication  of  EO  12898  A  discussion  of  EO  12898,  subsequent  draft  guidance,  and 
other  pertinent  literature  leads  to  the  development  of  evaluation  criteria  used  to  analyze  both  AFCEE's  methodology  and  an 
application  of  that  methodology:  the  March  AFB  Disposal  Final  Environmental  Impact  Statement.  Given  that  AFCEE 
formed  their  own  methodology  to  address  environmental  justice  prior  to  any  definitive  guidance  regarding  the  interpretation 
of  EO  12898,  the  metrology  and  its  application  do  extremely  well  at  meeting  the  intent  of  EO  12898,  per  the  evaluation 
criteria  developed  in  the  study.  The  framework  for  the  evaluation  criteria  consists  of  four  categories:  demographic  analysis, 
impact  analysis,  integration  of  demographic  analysis  and  impact  analysis,  and  community  involvement.  There  re  a  total  of 
17  criteria  within  this  framework.  With  respect  to  reflecting  the  requirements  of  EO  12898,  AFCEE's  draft  methodology 
met  ten  criteria,  was  limited  in  five  criteria,  and  did  not  meet  two  of  the  criteria.  When  a  sample  AFCEE  application  was 
analyzed,  eight  of  the  criteria  were  met,  and  nine  were  not  met.  This  was  due,  in  part,  to  the  fact  that  the  application  was  a 
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The  development  of  increasingly  accurate  new  aircraft  navigation  systems  has  caused  the  Air  Force  to  develop  a  new 
Navigation  Reference  System  to  test  them,  called  the  Submeter  Accuracy  Reference  System  (SARS).  The  SARS  is  an 
inverted  GPS  system  which  consists  of  an  array  of  GPS  receivers  on  the  ground  and  an  airborne  pseudolite  mounted  on  the 
test  aircraft.  The  SARS  will  provide  a  proof  position  estimate  that  is  used  to  check  the  navigation  system  under  test. 
Unfortunately,  ground  based  inverted  GPS  systems  tend  to  suffer  from  high  geometric  sensitivity  to  measurement  errors. 

This  research  tackles  the  problem  of  optimizing  the  SARS  receiver  array  configuration  to  minimize  the  system’s  sensitivity  to 
pseudorange  errors.  The  analysis  determines  that  the  proper  choice  of  cost  function  for  the  optimization  is  the  condition 
number  of  the  H  matrix,  rather  than  the  commonly  used  GDOP.  Insight  into  the  problem  is  provided  by  a  graphical 
technique  for  evaluating  receiver  array  geometry.  Moreover,  two  receiver  array  numbered  optimization  programs  are 
developed.  The  results  of  the  receiver  array  optimization  show  that  the  geometric  sensitivity  to  error  in  the  SARS  airspace 
can  be  reduced  to  acceptable  levels  through  proper  array  design.  Several  good  receiver  array  designs  are  shown.  Finally,  a 
technique  for  further  reducing  the  geometric  sensitivity  of  the  SARS  is  discussed. 
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In  response  to  the  increased  influence  of  space  forces  on  today's  battlefield,  several  theater  level  models  were  analyzed  for 
the  presentation  of  space  forces.  These  models  were  the  Extended  Air  Defense  Simulation  (EADSIM),  the  Joint  Theater 
Level  Simulation  (JTLS),  the  Integrated  Theater  Engagement  Model  (ITEM),  the  Tactical  Warfare  Model  (TACWAR), 
Thunder,  Janus,  and  the  Aggregate  Level  Simulation  Protocol  (ALSP).  While  ALSP  is  not  a  model  but  a  simulation 
protocol  connecting  various  models,  it  was  studied  because  it  appears  to  be  the  future  of  modeling.  The  consensus  of  the 
analysis  was  that  space  forces  are  virtually  ignored  by  most  of  the  models.  The  Air  Force  Command  Exercise  System 
(ACES)  was  chosen  to  determine  how  the  effects  of  space  forces  can  be  implemented  into  theater  level  models.  ACES  is  a 
discrete  event  combat  simulation  designed  to  support  intermediate  and  senior  service  schools  teaching  Air  Force  doctrine 
within  the  context  of  a  theater  warfare  exercise.  Its  primary  focus  is  to  allow  specific  educational  goals  to  be  taught.  This 
research  focused  on  both  the  present  modeling  of  space  forces  within  widely  used  theater  level  models  and  a  methodology  to 
incorporate  space  forces  into  models  that  lack  the  influence  of  space. 
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During  Blue  Flag,  Col  Pratt,  9AF/Combat 
Operations,  served  as  the  senior  member  of  combat 
plans  in  Guidance,  Apportionment  and  Targeting 
(GAT).  The  GAT  cell  uses  the  JFACC  guidance  to 
build  the  ATO  overnight,  that  briefs  results  to  the 
JFACC  in  the  morning.  Here  are  come  of  his 
comments:  Impressive.  Very  Valuable  aid.  Allows 
good  summary  of  package  information  and 
package  flow.  Great  summary  analysis.  Now  have 
ability  to  accurately  recapture  ATO  specifics. 


This  system  allows  assessment  of  the  Master  Air  Attack  Plan  (MAAP)  during  construction  and  at  completion.  The  system 
functions  around  a  relational  database  management  system  providing  a  decision  support  tool  for  the  Guidance, 
Apportionment,  &  Targeting  (GAT)  cell  of  Central  Command’s  JFACC  Combat  Plans.  A  Microsoft  Access  application  is 
programmed  to  provide  PC-based,  real-time  evaluation  of  air  campaign  goals  and  constraints.  The  decision  support  system 
was  validated  in  February  1997  by  the  CENTAF  combat  plans  staff  at  Blue  Flag  97-1.  The  software  and  user’s  manual  are 
maintained  at  HQ  ACC/XP,  Studies  and  Analysis  Squadron. 
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The  purpose  of  this  study  is  to  investigate  the  effects  of  certain  national  economic  conditions  and  certain  Air  Force  related 
conditions  on  officer  retention  rates  and  to  build,  verify,  and  validate  a  multivariate  linear  regression  model  to  be  used  by 
Air  Force  personnel  management  officials  that  will  predict  officer  retention  rates  for  rated  and  non-rated  line  officers 
aggregated  by  Yeargroups  and  AFSC  groups.  Previous  retention  models  were  reviewed  to  study  possible  predictors  and 
methodologies.  The  logit  transformation  was  used  on  the  logistic  regression  model  for  simplification.  D.  R.  Cox  gives  three 
assumptions,  that  were  valid  in  this  case,  so  ordinary  least  squares  was  used  to  estimate  the  parameters  of  the  logit  model. 
The  tournament  approach  of  the  Modified  Miller’s  Method  was  used  for  variable  selection.  This  new  approach  was  first 
validated  by  computer  simulation  and  then  used  in  the  model  building  process  for  all  of  the  models  in  this  effort.  The  output 
of  this  tournament  approach  was  the  model  of  choice  for  each  AFSC  and  Yeargroup.  Two-way  without  replication  ANOVA 
was  done  in  order  to  combine  like  AFSCs  into  several  groups.  There  were  six  groups  in  all.  A  separate  model  was  then 
build  for  each  of  the  six  groups. 
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SYSM  has  been  seeking  methods  to  forecast  mission 
cloud  impact  variables.  We’ve  reviewed  diagnosis 
_  method  such  as  SLINGO  tested  by  Lt  Harris...  and 
ve  are  now  investigating  stochastic  techniques  .... 
using  Penn  State’s  MM5  mesoscale  forecast  model. 

Lt  Harris’  results  have  contributed  to  our  decision  to 
“  replace  RWM  with  MM5.  The  cost  savings  to 
AFGWC  by  not  implementing  SLINGO  into  the 
RWM  is  approximately  $120K...Lt  Harris  has 
ensured  that  our  modeling  efforts  do  not  stray  off  the 
path  of  highest  productivity. 


Air  Force  Global  Weather  Center’s  (AFGWC)  Relocatable  Window  Model  (RWM)  total  cloud  forecasts  were  validated  using 
data  for  selected  days  in  May,  June,  and  July  1996.  Forecasts  were  generated  twice  daily  (00  UTC  and  12  UTC)  to 
determine  the  RWM’s  ability  to  accurately  forecast  total  cloud  cover  during  the  late  spring  and  early  summer.  The  RWM 
forecasts  were  post-processed  using  the  Slingo  cloud  forecast  algorithm  and  compared  against  AFGWC’ s  operational 
real-time  nephanalysis  (RTNEPH)  cloud  analysis  model.  As  a  minimal-skill  baseline  comparison  to  the  RWM’s  total  cloud 
forecast,  RTNEPH  initial  analysis  hour  was  persisted  and  evaluated  against  the  same  RTNEPH  analysis  as  the  RWM 
forecasts.  The  results  of  the  study  suggest  RWM  total  cloud  forecasts  did  not  show  improved  skill,  sharpness,  accuracy  or 
bias  when  compared  against  RTNEPH  persistence  through  the  36-hour  forecast  period.  The  results  also  suggest  the  Slingo 
algorithm,  as  tested,  is  not  appropriate  for  use  in  the  RWM  as  an  accurate  total  cloud  forecast  method  for  the  late  spring  and 
early  summer  months  over  the  North  American  Window. 
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The  North  Warning  System  (NWS),  a  joint  program  of  the  US  Air  Force  (USAF)  and  the  Royal  Canadian  Air  Force 
(RCAF),  is  responsible  for  the  maintenance  of  47  remote  radar  sites  across  northern  Canada.  NWS’s  current  airlift 
operations,  which  support  the  radar  maintenance  activities,  consist  of  both  helicopters  and  fixed  wing  aircraft  positioned  at 
five  support  depots.  This  thesis  considers  whether  a  reconfiguration  of  these  support  depots  and  the  assignment  of  radar  site: 
to  them  can  result  in  either  an  airlift  or  total  cost  savings  for  NWS.  Mixed  integer  linear  programming  models  were 
formulated  to  address  the  questions  surrounding  a  configuration  of  the  NWS  which  might  gain  airlift  cost  savings.  Several 
operational  scenarios  were  considered.  The  analysis  identifies  that  cost  savings  may  be  realized  through  a  number  of 
possible  actions. 
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This  thesis  looked  at  using  new  relative  humidity  (RH)  climatologies  to  improve  the  Air  Force  Global  Weather  Center's 
(AFGWC)  contrail  forecasts.  To  study  the  effect  of  the  new  RH  climatologies,  the  currently  used  empirical  relative 
humidity  (RH)  profile  is  replaced  with  a  more  accurate  climatological  one,  Stratospheric  and  Gaseous  Experiment  II  (SAGE 
II).  To  compare  the  forecasted  base  accuracy  and  bias,  the  study  examines  sets  of  forecast  bases  generated  by  both  the 
empirical  and  SAGE  II  profiles  on  42  days.  Each  set  of  forecast  bases  are  shown  to  be  statistically  similar  with  a  senes  of 
hypothesis  tests.  Additional  RH  profiles  with  values  from  0%  to  100%  are  then  tested  to  gate  their  affect  on  forecast  bases. 
Again  little  statistical  difference  in  forecast  bases  are  noted  between  the  additional  profiles.  In  general,  a  high  forecast  base 
bias  is  shown  for  two  algorithm  derived  from  the  Appleman  theory.  This  thesis  a;so  reveals  the  dependence  °f  forecast 
bases  on  RH  and  lapse  rate  Lapse  rates  from  2°C/km  to  9*C/km  and  forecast  bases  generated  by  RH  values  of  0%  and  100% 
are  used  to  show  how  RH  variations  of  more  than  30%  may  only  vary  forecasts  by  less  than  1,000  feet. 
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Allocating  resources  is  never  an  easy  task,  especially  when  requirements  call  for  more  resources  than  those  available.  It  gets 
more  difficult  when  the  availability  of  resources  shrinks  from  year  to  year.  This  is  the  case  at  the  National  Air  Intelligence 
Center  (NAIC).  In  each  of  the  past  five  years,  NAIC  has  been  forced  to  make  their  resource  allocation  decision  with  fewer 
dollars  and  less  manpower.  This  decision  has  been  time  consuming,  manpower  intensive,  and  sometimes  very  heated.  In  an 
effort  to  lessen  these  three  consequences,  a  resource  allocation  model,  based  upon  the  NAIC  Commander's  values  and 
preferences,  was  developed.  The  methodology  for  the  model  is  founded  upon  decision  analysis  with  value-focused  thinking. 
Using  multi-attribute  utility  theory,  measures  were  scored  using  scoring  functions  and  then  multiplied  by  the  commander's 
preferences  to  determine  an  overall  utility  score.  For  the  FY99  budget  cycle  at  NAIC,  62  unique  funding  proposals  were 
scored  and  ranked  using  28  measures  fro  each  proposal.  The  developed  value  hierarchy  allows  NAIC  to  choose  their  own 
alternatives  based  on  this  ranked  list.  Significant  differences  in  perceived  impact  exist  between  recommended  proposal  cuts 
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Reliability  analysts  are  often  faced  with  the  challenge  of  characterizing  the  behavior  of  system  components  based  on  limited 
data.  Any  insight  into  which  model  input  data  is  most  significant  and  how  much  data  is  necessary  to  achieve  desired 
accuracy  requirements  will  improve  the  efficiency  and  cost  effectiveness  of  the  data  collection  and  data  characterization 
processes.  This  thesis  assesses  potential  significant  factors  in  the  probabilistic  characterization  of  component  failure  and 
repair  behavior  with  respect  to  the  effect  on  system  availability  estimates.  Potential  factors  were  screened  for  significance 
utilizing  factorial  and  Plackett-Burman  experimental  designs  for  several  system  models  developed  using  an  AFOTEC 
simulation  program  entitled  RAPTOR.  Two  input  data  characterization  factors  were  found  to  have  significant  affect  on 
availability  estimation  accuracy:  the  size  of  the  structure  and  the  number  of  data  points  used  for  component  failure  and 
repair  distributional  fitting.  Estimation  error  was  minimized  when  the  structures  analyzed  were  small  and  many  data  points 
(in  this  case,  25)  were  used  for  the  distributional  fittings.  Assuming  constant  component  failure  rates  and  using  empirical 
repair  distributions  were  found  to  be  equally  effective  component  characterization  methods  (pertaining  to  model  availability 
estimation  error)  compared  to  using  automated  software  fitting  tools  (or  ‘wizards’).  The  results  of  this  study  also  indicate 
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This  thesis  develops  five  analytical  models  to  understand  the  current  ground  refueling  process,  to  optimize  the  airfield 
configuration  and  to  determine  the  refueling  policy  which  maximizes  throughput,  the  primary  measure  of  airfield  efficiency. 
This  study  models  the  airfield  refueling  process  as  a  continuous  time  Markov  process  to  adequately  represent  the  inherent 
stochastic  nature  of  the  transitory  ground  refueling  system  and  provide  an  analytical  evaluation  of  .various  airfield 
configurations.  Also,  the  study  provides  an  optimal  refueling  policy  to  minimize  the  number  of  aircraft  on  the  ground  which 
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Accurate  forecasts  of  contrail  occurrence  are  essential  to  military  aircrews.  Although  classical  forecast  methods  have  been 
reasonably  successful  predicting  contrails,  there  is  need  for  improvement  at  low  ambient  relative  humidity  This  thesis 
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However,  the  Hanson  method’s  performance  decreased  when  drier  atmospheric  observations  were  tested.  Schumann's 
method  performed  as  well  as  the  AFGWC  algorithm  under  all  atmospheric  conditions.  Based  on  this  research,  the  Hanson 
method  is  not  recommended  for  operational  use. 


14.  SUBJECT  TERMS 


Contrails,  Pressure,  Relative  Humidity,  High  Bypass  Engine 


17.  SECURITY  CLASSIFICATION 
OF  REPORT 

Unclassified 


18.  SECURITY  CLASSIFICATION 
OF  THIS  PAGE 

Unclassified 


19.  SECURITY  CLASSIFICATION 
OF  ABSTRACT 

Unclassified 


’  15.  NUMBER  OF  PAGES 

115 

16.  PRICE  CODE 


20.  LIMITATION  OF 
ABSTRACT 


Standard  Form  298  (Rev.  2-891 IEG) 

Prescribed  by  ANSI  Std.  23a. IS 

Designed  using  Perform  Pre,  WHS/DIDR,  Oct  94 


REPORT  DOCUMENTATION  PAGE 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burd«n  for  thi*  coltaaion  of  information  is  astimatad  to  avaraga  1  hour  par  rasponM,  including  tha  tima  for  ravfawing  instructions,  saarchino  axisti no  data  sourcas. 
gathering  and  maintaining  tha  data  naadad.  and  competing  and  raviawing  tha  collection  of  information.  Sand  com  manta  r  agar  ding  this  bur  dan  astimata  or  any  other  as  pact  of  m* 

t0  w“h,nfiton  Haadquartars  Sarvicas.  Diractorata  for  Information  Oparations  and  Report*,  1215  Jaffaraon 
Davis  Highway.  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503. 

4.  TITLE  AND  SUBTITLE 

RESPONSE  SURFACE  METHODOLOGY:  AN  ANALYTICAL  METHOD  FOR 
LOCATING  MIGRATED  CONTAMINANT  SOURCES 

5.  FUNDING  NUMBERS 

6.  AUTHOR(S) 

ORLANDO  J.  DONA,  JR.,  1st  Lt,  USAF 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESSIE&) 

Air  Force  Institute  of  Technology 

2750  P  Street 

WPAFB,  OH  45433-7765 

8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

AFIT/GCS/ENC/97M-01 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  AD 

Mr.  Rober  Elliott,  Chief,  Environmental  RestorationDiv 

7274  WardleighRoad 

Hill  AFB,  UT  84056-5137  This  work  is  significant  i 

located  waste.  Because  t 

n  finding  better  approaches  to 
his  is  not  front  line  RI/FS  type 
dedicate  resources  to  it. 

1 1 .  supplementary  5  M  ^  fj  j  work  it  is  hard  to 

BY 

Above  Sponsor  = 

12a.  DISTRIBUTION  AVAILABILITY  STATEMENT  . 

APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  UNLIMITED 

13.  ABSTRACT  (Maximum  200  words i 

The  use  and  storage  of  hazardous  chemicals  at  U.S.  military  facilities  often  adversely  affect  the  groundwater  when 
contaminants  infiltrate  the  subsurface  as  a  result  of  leaks  and  accidental  spills.  These  contaminants,  if  not  located  and 
remediated  in  a  relatively  short  time,  may  move  and  settle  unpredictably,  essentially  creating  a  source  some  distance  from  the 
original  leak  or  spill.  An  example  of  this  phenomenon  is  found  with  migrating  dense  nonaqueous  phase  liquid  (DNAPL) 
contaminants.  Although  various  methods  for  estimating  the  present-day  locations  of  these  migrated  contaminants  are  in  use, 
accurately  pinpointing  the  source  of  contaminants  remains  a  difficult  problem  in  current  remediation  technology.  Response 
Surface  Methodology  (RSM)  is  a  computer-enhanced  statistical  technique  for  empirical  model  building  and  exploitation  that 
supports  a  systematic  approach  to  site  characterization.  The  use  of  RSM  techniques  may  result  in  better  mathematical  models 
of  a  site  and  may  ultimately  enhance  a  siteOs  conceptual  model.  This  work  demonstrates  the  use  of  RSM  to  pinpoint  the 
statistically  best  locations  of  contaminant  point  sources  that  have  migrated  from  their  original  location  in  several  experiments 
and  outlines  a  process  that  has  great  potential  for  significantly  reducing  costs  associated  with  site  characterization  and 
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The  goal  of  this  study  was  to  determine  the  relationship  between  battlefield  physical  insults,  levels  of  protection,  and  the 
number  and  severity  of  casualties  sustained  by  armored  vehicle  crews  as  a  result  of  battlefield  physical  insults  on  armored 
vehicles  in  the  Vietnam  conflict.  In  addition,  this  study  sought  to  establish  the  relationship  between  battlefield  physical 
insults,  levels  of  protection,  and  vehicle  mission  vulnerability.  An  automated  database  was  constructed  from  paper  records 
in  the  GRNVEHSEADB  database  maintained  by  SURVIAC.  This  data  was  analyzed  using  log-liner  modeling,  logit 
modeling,  and  contingency  graphics.  The  results  show  that  the  severity  of  crew  casualties  and  the  impact  of  those  casualties 
on  vehicle  mission  vulnerability  are  functions  of  the  vehicle  model,  threat  weapon,  and  location  of  weapon  impact.  Although 
small  sub-sample  sizes  render  the  predictive  probabilities  questionable,  the  dependence  of  the  relationship  is  established. 
Additionally,  it  was  shown  that  crew  casualties  were  a  significant  factor  in  determining  vehicle  mission  vulnerability  when 
hit  by  a  rocket  propelled  grenade.  It  was  also  shown  that  Ml  13  APC  driver  casualties  to  land  mines  were  twenty  percent 
fewer  when  bolt-on  armor  was  installed. 
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Considerable  progress  has  been  made  in  recent  years  in  the  area  of  standoff  minefield  detection  (SMD),  But,  techniques 
currently  being  developed  operate  from  low  altitude  airborne  platforms  making  them  vulnerable  and  making  the 
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research  takes  a  multi-disciplined  approach  to  assessing  the  potential  for  SMD  from  space,  considering  remote  sensing 
fundamentals,  recent  SMD  experimental  results,  and  space-based  issues.  The  fundamentals  of  remote  sensing  limit  and 
enable  target  detection  in  terms  of  resolution,  ground  penetration,  and  others.  Synthetic  aperture  radar  (SAR)  technology  at 
longer  microwave  wavelengths  is  theoretically  the  most  promising  sensor  type.  Experimentally,  infrared  detection 
technology  has  shown  particular  success  at  low  altitudes,  with  an  IR  SMD  system  currently  being  developed  for 
remotely-piloted  vehicle  mounting.  Once  orbital  parameters  such  as  the  sensor-to-target  range,  overflight  speed,  and 
frequency  of  coverage  are  considered,  it  concluded  that  a  space-based  minefield  detection  system  (SBMDS)  relying  on  just 
one  sensor  would  not  be  sufficiently  capable.  A  multi-band  SAR  system  would  be  more  promising  for  SMD  from  space. 
Although  currently  unsuccessful  at  detecting  buried  mines,  SAR  offers  high  resolution,  some  ground  penetration,  and 
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The  purpose  of  this  study  was  to  implement  an  autonomous  face  segmentor  as  the  front  end  to  a  face  recognition  system  on  a 
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image  to  a  consistent  scale,  were  analyzed  to  determine  current  practical  limitations.  Face  images  were  acquired  using  a 
S-VHS  camcorder.  Segmentation  was  accomplished  using  motion  detection  and  pre-defmed  rules.  Tests  were  run  to 
determine  the  suitable  of  the  autonomous  segmentor  as  the  front-end  to  a  face  recognition  system.  The  segmentation  system 
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We  are  pleased  with  the  initial  results  of  this  work 
and  look  forward  to  the  ability  to  view  specifications 
both  in  the  object  oriented  paradigm  and  in  the  more 
formal  specifications  of  Larch  and  Z.  Further  work 
shouldbe  directed  at  interfacing  the  SPECWARE 
tool  as  soon  as  appropriate.  The  value  of  the  work 
will  increase  when  integrated  with  our  emerging 
tools.  Of  secondary  importance  would  be  the  ability 
to  do  static  and  dynamic  analyses  of  the 
specifications.  In  the  long  term  however,  the  types 
of  additional  analyses  provided  will  be  more 
beneficial  then  simply  integrating  with  SPECWARE.  - 


This  research  describes  the  feasibility  of  developing  object-oriented  Larch  specifications,  part  of  a  dual  approach  for  formally 
extending  object-oriented  analysis  models  using  Larch  and  Z.  The  first  phase  consisted  of  two  steps:  establishing  a  set  of 
transformation  heuristics  for  algebraically  representing  object  models  and  implementing  a  robust  Larch  parser.  The  Larch 
parser  produced  abstract  syntax  trees  (ASTs)  of  objects  forming  the  basis  for  analyzing  similarities  and  differences  between 
Z-based  and  Larch-based  object  representations.  The  second  phase  used  the  analysis  of  Larch  and  Z  to  identify  fundamental 
core  constructs  in  the  languages  and  abstract  syntax  trees.  These  core  constructs  consisted  of  similar  syntactic  and  semantic 
notions  of  signatures  and  axioms  for  describing  a  problem  domain,  thereby  forming  a  canonical  framework  for  formal  object 
representations.  This  canonical  framework  provides  a  front-end  for  producing  design  refinement  artifacts  such  as  interface 
languages,  theorem  proving  sentences,  and  synthesis  diagrams.  The  final  phase  demonstrated  the  feasibility  of  interface 
language  gauge  generation  by  establishing  an  executable  framework.  The  executable  framework  mapped  Larch  into  the 
Software  Refinery^^Programming  Environment  to  rapidly  prototype  object-oriented  Larch  specifications. _ 
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This  study  attempted  to  identify  the  major  interpretive  differences  of  the 
Cost/Schedule  Control  Systems  Criteria  (C/SCSC)  between  Department  of  Defense  (DoD)  and  contractor  performance 
management  professionals,  aid  to  understand  why  these  differences  occurred.  As  die  study  progressed,  its  focus  shifted 
to  an  evaluation  of  the  Interpretive  Guide,  an  Air  Force  Institute  of  Technology  (AFIT)  published  document  used  to 
assist  in  the  understanding  of  the  criteria  elements.  The  objective  of  the  evaluation  was  to  determine  if  the  Interpretive 
Guide’s  explanations  of  the  criteria  elements  were  in  consonance  with  the  intent  of  the  criteria  and  with  current  practice 
in  the  field  of  performance  management  Research  packages  were  distributed  to  and  collected  from  performance 
management  professionals  in  the  DoD  mid  its  contractors.  No  distinct  interpretative  differences  of  the  criteria  were 
found  between  the  two  groups  but  a  number  of  suggestions  to  improve  the  content  of  the  Interpretive  Guide  were 
suggested;  some  of  the  recurring  suggestions  were  to  address  the  concept  of  integrated  product  teame  and  the 
development  of  procerhires  to  streamline  the  area  of  variance  analysis  reporting  Respondents  comments  were  published 
in  an  appendix  and  summarized  within  the  text.  Recommendations  were  to  update  the  Interpretive  Guide  as  well  as  to 
perform  further  research. 
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This  research  proposes  an  analytical  approach  for  assessing  flow  disturbance,  or  "compromise,”  based  on  limited  sampling  oi 
arc  flow  information  in  multi-commodity,  or  multiple  origin-destination  (O-D),  networks  with  failing  arcs.  There  were  three 
objectives  established  for  this  research.  The  first  objective  was  to  bound  the  expected  flow,  given  the  arcs  fail  with  certain 
probabilities,  which  was  accomplished  by  reviewing  current  approaches  for  single-commodity  networks  and  extending  the 
results  to  the  multi-commodity  case.  The  second  objective  was  to  determine  the  best  placement  of  flow  monitors  to  obtain 
the  most  accurate  estimates  of  O-D  pair  volumes.  This  was  accomplished  using  a  multi-criteria  approach  for  defining  all 
possible  monitor  placement  strategies  satisfying  monitor  availability.  The  O-D  pair  volumes  were  estimated  using  the  /-norm 
metric  for  varied  levels  of  p .  The  final  objective  was  to  define  a  compromise  metric  providing  confident  assessments  on  the 
occurrence  of  "compromise.”  This  was  accomplished  using  simple  regression  techniques  to  generate  confidence  intervals 
around  the  expected  flow  for  each  O-D  pair.  The  approach  proposed  in  this  research  is  provided  as  an  initial  look  into 
"compromise"  assessment  based  on  limited  network  information. 
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This  thesis  describes  the  development  of  an  air  mission  planning  algorithm  for  the  Joint  Staff  s  Future  Theater  Level  Model 
(FTLM).  The  overall  problem  scope  was  to  develop  an  algorithm  to  handle  major  factors  bearing  on  the  combat  mission 
planning  problem  while  providing  hook-ups  for  the  FTLM  architecture.  Other  aspects  of  the  problem  included  finding  the 
appropriate  level  of  detail,  developing  a  fast  solving  technique,  and  attempting  to  use  existing  data.  The  problem  was 
handled  by  using  some  ideas  from  existing  aircraft  allocation  algorithms  and  by  adding  some  new  techniques.  The  proposed 
air  mission  planning  algorithm  supplies  the  optimum  degree  of  force  for  campaign  objectives  by  using  a  linear  program  (LP) 
to  allocate  the  optimum  number  and  type  of  aircraft  and  munitions  against  each  target.  The  LP  takes  advantage  of  the  force 
multiplying  effects  of  mass  and  mutual  support  through  its  use  of  strike  packages  with  SEAD  and  air-to-air  escort. 
Additionally,  a  decision  tree  algorithm  determines  the  best  plan  in  light  of  the  uncertainties  of  weather  and  weather  forecasts. 

This  air  mission  planning  algorithm  omits  many  of  the  details  in  the  actual  aircraft  tasking  process,  but  provides  fast,  nearly 
optimal  solutions  which  should  approximate  real  world  tasking  results. 
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preemption  network  models  are  simulated  under  the  same  input  parameters.  The  analysis  showed  that  preemption  can 
significantly  lower  the  grade  of  service  for  high  priority  customers  in  a  congested  network.  The  best  configuration 
preemption  models  depends  on  the  bandwidth  flexibility  of  the  network  and  the  goals  of  the  communications  network 
organization. 
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Laser-induced  breakdown  spectroscopy  (LIBS)  is  a  spectroscopic  technique  where  output  from  a  pulsed  laser  is  focused  onto 
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56.1  mg/1  for  nickel  in  solution.  In  the  UV,  a  10*5  gate  width/3*s  mg/1.  Using  UV  excitation  (10*5  gate  width/l*s  time 
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The  information  of  low  observable  aircraft  into  the  modem  battlefield  has  changed  the  performance  characteristics  of  many 
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In  this  study,  Dijkstra's  algorithm  has  been  modified  to  allow  the  Queueing  Network  Analyzer's  (QNA)  analysis  output  to  aci 
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This  thesis  describes  the  development  of  a  methodology  to  minimize  the  cost  of  vitrifying  nuclear  waste.  Pacific  Northwest 
Laboratory  (PNL)  regression  models  are  used  as  baseline  equations  for  modeling  glass  properties  such  as  viscosity,  electrical 
conductivity,  and  two  types  of  durability.  Revised  PNL  regression  models  are  developed  that  eliminate  insignificant 
variables  from  the  original  models.  The  Revised  PNL  regression  model  for  electrical  conductivity  is  shown  to  better  predict 
electrical  conductivity  than  the  original  PNL  regression  model.  Neural  networks  are  developed  for  viscosity  and  the  two 
types  of  durability,  PCT-B  and  MCC-1B.  The  neural  network  models  are  shown  to  outperform  every  PNL  and  Revised 
PNL  regression  model  in  terms  of  predicting  property  values  for  viscosity,  PCT-B  and  MCC-1B.  The  combined  Neural 
Network/  Revised  PNL  2nd  order  electrical  conductivity  models  are  shown  to  be  the  best  classifiers  of  nuclear  waste  glass, 
i.e.,  they  have  the  highest  probability  of  classifying  a  vitrified  waste  form  as  glass  when  it  actually  did  produce  glass  in  the 
laboratory.  Finally,  five  nonlinear  programs  are  developed  with  constraints  containing  1)  the  PNL  original  1st  order  models, 
2)  the  PNL  original  2nd  order  models,  3)  the  Revised  PNL  1st  order  models,  4)  the  Revised  PNL  2nd  order  models,  and  5) 
the  Neural  Network/Revised  conductivity  nonlinear  program  is  shown  to  minimize  the  total  expected  cost  of  vitrifying 
nuclear  waste  glass.  This  nonlinear  program  allows  DOE  to  minimize  its  risk  and  cost  of  high-level  nuclear  waste 
vitrification. 
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This  study  investigated  the  feasibility  of  a  SAIC  proposal  to  sample  New  Earth  Objects  (NEOs)  from  an  orbiting  spacecraft 
using  a  tethered  landing  device.  The  parameters  for  suitable  targets  were  derived  from  an  analysis  of  a  proposed  point 
design  as  applied  to  current  knowledge  of  NEOs.  Tether  strength  and  lifetime  for  the  point  design  were  also  assessed.  First 
order  modeling  of  tether  dynamics  showed  that  deployment  and  attachment  to  a  NEO  are  feasible.  The  dynamics  of 
retrieving  a  sample  via  a  crawler  unit  which  crawls  up  the  tether  requires  further  exploration. 
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This  study  used  network  modeling  to  evaluate  an  engineering  design  process.  The  design  process  contained  quality  control 
activities  which  incorporated  feedback  network  Launching.  The  network  was  analyzed  with  a  stochastic  simulation  program  ! 
instead  of  PERT.  Analysis  techniques  used  included  pseudo-random  number  testing  for  uniformity  and  independence,  and 
analysis  of  variance  to  determine  significant  activities.  A  resolution  IV  experimental  design  was  used  to  evaluate  the 
improvement  of  the  average  project  completion  for  different  quality  control  activity  settings.  All  significant  activities 
identified  were  quality  control  activities  that  contained  feedback  network  branching,  and  improvements  in  the  project 
completion  time  were  estimated  based  on  reductions  in  the  probability  of  feedback  branching.  A  simplified  strategic  network 
model  was  constructed  to  demonstrate  the  integration  of  the  detailed  tactical  model  into  a  decision  support  system. 
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This  thesis  studies  the  experience  of  the  local  community  during  the  privatization  in  place  of  Newark 
Air  Force  Base  (NAFB),  Ohio.  Licking  County  faced  the  loss  of  its  largest  employer  after  the  1993  Base 
Realignment  and  Closure  Commission  (BRACC),  a  five-year  commission  established  by  President  George 
Bush  as  a  measure  to  cut  national  defense  spending  after  die  Cold  War’s  end,  recommended  closing  the  Air 
Force  repair  facility.  Licking  County  leaders  sought  help  from  elected  officials  to  have  the  Air  Force 
implement  a  plan  that  would  keep  the  NAFB  workload  in  place  under  the  auspices  of  private  industry- 
privatization  in  place. 

At  stake  for  Licking  County  were  jobs  for  over  1,500  base  employees  and  a  $200  million  economic 
impact.  Licking  County  leaders  cited  a  new  federal  initiative  announced  by  President  Clinton— the  Five  Part 
Program  for  Revitalizing  Base  Closure  Communities-as  justification  for  privatization  in  place.  Licking  County 
leaders  also  sought  help  from  the  man  who  founded  the  base  over  thirty  years  earlier  to  lead  a  push  for 
privatization  in  place.  An  in-depth  historical  analysis  identifies  the  critical  issues  as  seen  through  the  eyes  of 
the  local  community  and  places  them  in  an  economic  and  political  context. 
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broke  new  ground,  both  theoretically  as  well  as  real 
world  applicability.  I  think  the  project  was  mutually 
beneficial.  We  received  a  process  tool  to  enhance  our 
analysis  capability  allowing  us  to  focus  our  resources 
on  areas  with  greatest  return.  In  return  the  Air 
Force  was  exposed  to  PepsiCo  and  our  logistics 
practice.  The  tool  that  Angela  developed  works  with 
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Response  surface  methodology  (RSM)  is  used  for  optimality  analysis  of  the  cost  parameters  in  mixed  integer  linear 
programming.  The  mixed  integer  linear  programming  problems  of  interest  are  the  large-scale  problems  in  supply  chain 
optimization-also  knows  as  facility  location  and  allocation  problems.  Furthermore,  this  optimality  analysis  technique  applies 
to  optimality  analysis  of  costs  or  right-hand-side  elements  in  continuous  linear  programs  and  optimality  analysis  of  costs  in 
mixed  or  pure  integer  linear  programs.  A  system  which  automates  this  process  for  supply  chain  optimization  at  PFS 
Logistics  Consulting  is  also  presented,  along  with  description  of  its  application  and  impact  in  their  daily  operations. 
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